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ABSTRACT
INVESTIGATING THE EFFECTS OF INTEGRATED SYSTEMATIC DECODING,
SPELLING AND COMMUNICATION INSTRUCTION FOR STUDENTS WITH
COMPLEX COMMUNICATION NEEDS
by
Gretchen Hanser
University of New Hampshire, May 2008
The purpose of the current study was to investigate the impact of an
integrated decoding, spelling and communication intervention on literacy and
communication outcomes for students with complex communication needs
(CCN). The current study was done with three students with CCN, all of whom
used a particular augmentative communication device. Using a non-concurrent
multiple baseline across subject design, and a descriptive case study design, the
study tested the hypothesis that integrated instruction would lead to
improvements in decoding, spelling and, communication using an AAC device.
The intervention provided integrated, systematic and explicit instruction through
scripted lessons that taught students to decode, spell and communicate the
same corpus of high frequency words. The intervention was grounded in general
education constructivist based practices and was provided daily by a consistent
educator. Throughout the study outside of directed instructional times, the
frequency of spontaneous device use was measured across a baseline phase,

XV

intervention phase, 1-week post phase and a 5-week post phase. Students'
progress was also measured across five pretest-posttest measures including
word identification, developmental spelling, word generation, icon sequencing,
and expressive communication. Results found high day-to-day fluctuations in
students' spontaneous use of their communication devices. However, the most
important finding was students' progress on the literacy and communication
pretest-posttests, yielding not only improvement in abilities, but generalization
across reading, spelling, and communication measures. The findings suggest
that integrated communication, decoding and spelling instruction based on
constructivist-based practices was successful.

XVI

CHAPTER 1

INTRODUCTION

The purpose of the current study was to investigate the impact of
integrated word identification and communication instruction on literacy and
communication outcomes for students with complex communication needs. Using
a non-concurrent multiple baseline across subjects design, and a descriptive
case study design, the study tested the hypothesis that integrated instruction
would lead to measurable gains across a battery of measures of literacy and
communication.
A Valued Right: Literacy
In today's world, the opportunity for literacy learning is a fundamental,
universal right (UNESCO, 2005). Literacy is broadly defined as "using printed
and written information to function in society, to achieve one's goals, and to
develop one's knowledge and potential" (Kirsch, Jungeblut, Jenkins, & Kolstad,
1993, p. 2). Literacy has critical societal implications related to economic
growth, political participation, healthcare and cultural awareness (UNESCO,
2005; NCES, 2003). Individuals' literacy levels impact their employability (NCES,
2003), as well as their ability to vote (NCES, 2001). Literacy influences
individuals' abilities to manage personal healthcare and read medical related
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information (NCES, 2003). Above all, literacy brings the priceless human
benefits of self worth, personal liberty and lifelong learning.
Given literacy's prominent role, as soon as infants are born many parents
immerse them in literacy rich environments, and in the years that follow, parents
send their children to school for formal literacy instruction. All of this occurs with
the unquestioned, unspoken expectation that their children will learn to read and
write in order to become empowered individuals who contribute to society. While
literacy has been a long-standing, implicit value inherent in schooling for students
without disabilities in developed countries around the world, this value has not
been consistently available for students with a number of differences and
disabilities, including those with complex communication needs.
Literacy as a Universal Need
In today's public schools, the need for effective and measurable literacy
instruction for all students has been firmly positioned in the public eye through
legislation such as No Child Left Behind (NCLB, U.S. Department of Education,
2001). NCLB stipulates that teachers must use scientifically supported
instructional methods and measure student progress annually. Teachers must
be "highly qualified" in the subjects they teach, including special educators.
Unprecedented funds are being expended to address literacy achievement in our
schools, yet, the most recent National Assessment of Educational Progress
(NAEP) indicates that 67% of students with disabilities were not able to achieve a
basic level of literacy (NCES, 2005).
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Limited Literacy for Students With Complex Communication Needs.
Historically, students with complex communication needs (CCN) have been
underserved, underestimated and given fewer opportunities—if any—to engage
in communication and literacy learning (Koppenhaver & Yoder, 1993; Light &
McNaughton, 1993). Over the past decade, the field of special education has
begun to pay increasing attention to the dilemma of providing appropriate literacy
instruction to students with CCN, yet more than .75% of students ages of 6 to 21
with multiple disabilities scored in the lowest range on academic reading tasks in
the latest national assessments of reading achievement (U.S. Department of
Education, 2003). A closer look at literacy development for the specific population
of students with CCN portrays an equally dim picture with 70-90% of students
with significant disabilities reading at or below the second grade level
(Koppenhaver & Yoder, 1992).
The Population of Students with CCN. By definition, students with CCN
have severe speech impairments, resulting in the inability to use speech to meet
their communication needs. These speech impairments are frequently
accompanied by physical impairments. Severe speech impairments may be
caused by physical, neuromuscular, cognitive, or emotional deficits that prevent
students from using speech independently as their primary means of
communication (Lindsay, Cambria, McNaughton, & Warrick, 1986). Physical
impairments from a congenital or acquired motor disability may restrict "speech,
nonverbal communication, and writing as a result of problems with muscle tone,
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posture and involuntary movements," (Koppenhaver & Yoder, 1992, p. 157).
Such physical impairments often limit students' ability to interact and explore their
environments, limiting their fundamental understandings about the world. The
complex communication needs are often the result of congenital causes such as
cerebral palsy, autism, and developmental apraxia of speech (Beukelman &
Mirenda, 2005). Left unsupported, the combination of challenges severely limits
students' abilities to communicate and to develop literacy, two key areas that
serve as the foundation of successful educational experiences.
Augmentative and Alternative Communication as a Support for Complex
Communication Needs.To address communication challenges, the use of
augmentative and alternative communication (AAC) is often considered for
students with CCN. AAC refers to "a device, either electronic or non-electronic,
that is used to transmit or receive messages," (ASHA, 2004, pp. 1). Students
with CCN can learn to use AAC systems to expressively communicate a host of
novel thoughts related to medical, educational, vocational and personal needs.
However, to date, the use of AAC devices for students with CCN has not been
fully recognized (Beukelman & Mirenda, 2005). As a result, students with CCN
have been profoundly limited in their ability to communicate in a manner that is
understood by others.
Literacy and AAC for Students with CCN. The low levels of literacy that
most students with CCN attain may be the result of a self-perpetuating cycle
created when professionals perceive students with CCN as having lesser abilities

4

and withhold instruction. The low levels may be the result of limited access to
AAC as well as limited resources and materials designed to address the unique
learning profiles of students with CCN. The low levels of literacy attained by
students with CCN may also be the result of inadequate or inappropriate training
for teachers who are trying to address their needs. Whatever the reason,
students with CCN have the right to opportunities to learn how to communicate
(National Joint Committee for the Communication Needs of Persons with Severe
Disabilities, 1992) and the right to opportunities for literacy learning (Yoder,
Erickson & Koppenhaver, 1997).
It has been written that, "Communication is the essence of life," (NIDRR,
1992, p. 3). Learning to communicate with an AAC system has the potential to
affect multiple areas of an individual's life. Effective use of an AAC system can
improve individuals' independence, relationships, personal health and safety,
self-determination, as well as their ability to participate in educational, family and
community settings (NIDRR, 1992).
Equally important to personal communication are gains in literacy abilities.
Increased literacy skills can enhance students' abilities to use their AAC systems
effectively, allowing them to create novel messages using the alphabet
(Koppenhaver, Coleman, Kalman, & Yoder, 1991). Since many students with
CCN have difficulty with the rate demands of face-to-face communication, literacy
also provides a means to communicate with others asynchronously through
writing. Given the lack of world knowledge that often results from their disabilities,
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literacy provides this population with an ideal vehicle for learning critical concepts
about the world (Sturm, 2005). The acquisition of literacy skills and the
successful use of an AAC system can have far reaching effects, profoundly
impacting an individual's abilities to interact across educational, vocational and
community opportunities (Foley, 1993; Light & McNaughton, 1993).
The reasons why communication and literacy should be afforded to
students with CCN are clear. However, the dilemma that this population faces
cannot be quickly, nor, easily solved by simply providing students access to
communication tools and literacy activities. They require instruction that will
allow them to become self-regulated readers and writers who are able to learn
and independently generalize a variety of strategies to make meaning with print
(Clay, 2005; Mazzoni & Gambrell, 2003; NICHD, 2000; Pressley 2006; Pressley,
Allington, Wharton-McDonald, Collins-Block & Mandel-Morrow, 2001). Students
with CCN also require instruction that will allow them to develop the metacognitive strategies to know whatXo use on the device, howXo locate it, whento
use it and what to do if any of these break down (Light, 1998). The expression of
individuality, the development of relationships, and the ability to participate as an
active member in society requires the application of these meta-cognitive
strategies to engage in effective, novel communication. The quality and nature of
instructional opportunities across reading, writing, and communication is largely
responsible for students' levels of understanding and ultimate success. While
instruction for students without disabilities has been influenced by constructivist-
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based orientations (Graves, Juel, & Graves, 2001) that emphasize the
development of the requisite meta-cognitive strategies described above,
instruction for students with significant disabilities has been influenced by
behaviorist-based orientations (Katims, 2000) which do not emphasize this
development.
Recognizing Educational Orientations Underlying instruction
In the context of special education, behaviorist orientations employ a
method of teaching in which instruction is delivered over repeated opportunities
or trials with continuous recording of students' observable behaviors to determine
their success. Target skills are systematically organized into sub-skills that may
be low level in nature and devoid of context (Watson, 2000). For example, lettersound relationships may be taught by presenting the student with three cards,
each containing one letter. The teacher prompts the student to select a particular
card. If the student does not respond or makes an incorrect selection, the
teacher uses a system of prompts to support selection of the correct response.
Prompts may be organized to minimize student errors through various time delay
procedures (Browder, Courtade-Little, Wakeman, & Rickelman, 2006; Westling &
Fox, 2004). Reinforcement, such as "good job," or "that's right!," might be given
when correct responses are selected. Instruction is largely teacher directed with
students acting as passive receivers of information with little social interaction
(Watson, 2000). While these methods are often recommended for literacy and
communication instruction for students with significant disabilities (Downing,
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2006; Westling & Fox, 2004), they may "offer little in the way of explaining
cognitive change-a structural change in understanding" (Fosnot & Perry, 2005, p.
9). For students without disabilities, such cognitive understandings, often
described as meta-cognitive processes, are required for effective reading and
writing with meaning, and the construction of novel communication.
The use of meta-cognitive skills implies that a student is consciously
aware of a skill or strategy. For example, a student may choose and use a
strategy to solve a particular literacy-related problem in order to make meaning
with print (Cambourne, 2002), or they may use a strategy with an AAC system to
allow for successful communication (Light, 1998). It has been widely accepted
that a constructivist-based orientation fosters such meta-cognitive awareness in
typically developing children (Cambourne, 2002; Fosnot & Perry, 2005; Watson,
2000). In contrast to behaviorist-based orientations, constructivist based learning
emphasizes the active role of the student in constructing meaning. For example,
letter-sound activities may be taught in the context of real words. The student
may be shown a word and asked to say the sound of the first letter. If the student
makes an error, the teacher might substitute and say the student's incorrect
selection at the beginning of the word. The teacher might contrast examples of
the student's choice and the correct response, while asking the student to come
up with their own examples of words that start with the correct letter and the
incorrect letter. Students are encouraged to explore, question and to problemsolve (Gould, 2005). The elimination of observable errors may be the target of
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behaviorist instruction, while a constructivist perspective regards errors as
"windows on development" (Gould, 2005, p. 105). Errors are valued, encouraged
and used to assess students' understandings and change (Fosnot & Perry,
2005). Students' interactions with adults also play an important role; adults
guide students' conceptual understandings through valuing and using their errors
to provide scaffolds as needed (Smith & Elley, 1995). In order to truly "own" the
necessary concepts and strategies for meaningful, generative communication,
reading, and writing, students with CCN need instruction that fosters long lasting
cognitive processes, consistent with best practices for students without
disabilities. It is upon this key premise that the current study is based.
Tenets of Language and Literacy Development Informing the Current Study
The current study is designed to examine expressive communication and
conventional literacy learning for students with CCN. Becoming a successful
conventional reader and writer is highly dependent upon students' early oral
language and emergent literacy experiences that provide an essential foundation
(NICHD, 2000; Senechal & LeFevre, 2002). Understanding the role of these
early experiences and their impact on the development of children without
disabilities can shed an important light on the communication and literacy
experiences, or the lack there of, for students with CCN.
Oral Language Development
In typically developing children, oral language development provides the
foundation for literacy development (Snow, Burns, & Griffith, 1998). Typical
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language development begins with infants surrounded by constant models of oral
language. Fostered through the social interactions with others, infants attempt to
babble and imitate the sounds and words they hear. Described as "active
participants in their learning," (p. 92), children are encouraged to experiment and
problem solve with speech. Errors in their efforts to experiment and problemsolve are seen as important to growth (Mandel-Morrow, 2001). As speech
develops it provides the mechanism for rapid vocabulary acquisition, and
understanding of syntax and grammar. With unspoken high expectations that
children will learn to communicate, adults facilitate these fundamental
experiences perhaps without being aware of the support they are providing or
without questioning their actions. Thus, the development of oral language has
often been said to occur seamlessly.
Emergent Literacy Development
Like oral language, emergent literacy begins to develop long before
children enter school (Teale & Sulzby, 1986; Clay, 1993). Again underscored by
high expectations and rich social interactions, infants and toddlers without
disabilities actively engage in experiences with print facilitated by the adult, such
as being read to, and watching others model reading and writing. Children are
encouraged to experiment with books, writing tools, and sound games. The
resulting emerging understandings of literacy become increasingly sophisticated
and form a critical foundation upon which students eventually read and write in a
conventional manner (Senechal & LeFevre, 2002; Teale & Sulzby, 1986).
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It is evident that the early language and literacy development of children
without disabilities flourishes in natural and nurturing environments that are
reflective of a constructivist-based orientation. Their environments are rich with
ongoing opportunities for active student engagement, exploration, errors,
problem solving, rich social interactions, models, and adult supports. All
contribute to children's constructions of meaning and cognitive processes in
regards to early language literacy skills. Armed with such fundamental abilities,
children are well equipped to enter school and become conventional readers and
writers, where they are likely to be supported in constructivist-based
environments. In comparison, the experiences of children with CCN couldn't be
more different, severely restricted by multiple, complex issues beyond their
control.
Barriers to Language and Literacy Learning for Students with CCN
In order to establish a need for the proposed area of study, it is helpful to
understand the barriers faced by the population of students with CCN as they
attempt to learn language and literacy. In the field of AAC, a communication
participation model is used to identify and describe barriers to communication
(Beukelman & Mirenda, 2005). The model specifically categorizes barriers as
Opportunity Barriers and Access Barriers. The organization of barriers within this
model can easily be extended to literacy learning for this population. Opportunity
Barriers are created by individuals in the environments where students with CCN
learn, work and live. Opportunity Barriers include barriers associated with policy,
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practice, facilitators' expectations, knowledge, and skills. Access Barriers
experienced by students with CCN are related to the capacities of the AAC
system and students' use of the system. An additional barrier lies within the
approach to instruction that students may receive, often based on a behaviorist
orientation. Any of these barriers will limit students' abilities to successfully
communicate, read and write.
Opportunity Barriers Created bv Facilitators' Expectations
If you treat individuals as they are, they will stay as they are, but if you
treat them as if they were what they ought to be and could be, they will
become what they ought to be and could be. (von Goethe, as cited in
Vacca & Padak, 1990)
Facilitators' beliefs, attitudes and expectations towards communication and
literacy learning have the ultimate power to influence and restrict all opportunities
for students with CCN. Even though literate adults with CCN have retrospectively
identified caregivers' high expectations for literacy learning as contributing to their
success with literacy (Koppenhaver, Evans, & Yoder, 1991), such high
expectations are not the norm for young children with CCN (Erickson &
Koppenhaver, 1995; Koppenhaver & Erickson, 2003; Light, Koppenhaver, Lee, &
Riffle, 1992 as cited in Koppenhaver & Yoder, 1993). Expectations and priorities
for communication and literacy learning for young children with CCN are often
overshadowed by their extensive medical and physical needs (Light &
McNaughton, 1993). When they enter schools, children with CCN continue to
face environments that hold low expectations for them as learners (Erickson &
Koppenhaver, 1995; Koppenhaver & Erickson, 2003) again resulting in restricted
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communication and literacy learning opportunities (Mike, 1995). Lowered
expectations result in the unintentional message toward children about their
competencies as communicators, readers and writers. Ultimately, adults may
interpret students' differences as requiring different and separate instructional
activities and materials, often resulting in diluted content and materials, neither of
which is supported by research-based practices (Reid & Weatherly-Valle, 2005).
With respect to both AAC and literacy, the unique needs of this population
increase the likelihood that students with CCN will encounter also Opportunity
Barriers related to limited facilitator knowledge and skill (Beukelman & Mirenda,
2005).
Opportunity Barriers Created bv Facilitators' Knowledge & Skills
The facilitator plays a critical role in making the instructional content
accessible and providing the appropriate scaffolding to support a student in
achieving success. As such, students' opportunities for AAC use and literacy
instruction are not only affected by others' expectations, but also are largely
influenced by the knowledge and skill level of the facilitator and various
professionals who offer support throughout the day. Disparate professionals and
caregivers receive varying degrees of training in AAC systems and their
implementation. For example, speech and language pathologists receive some
preparation in AAC, however, not consistently (Beukelman & Mirenda, 2005) as
many universities offer courses in AAC, but do not require them. The training
provided to special educators is inconsistent at best. Additionally, although
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teaching assistants work directly with students with CCN throughout the day, they
typically receive even less training in AAC system use. Facilitators' limited
knowledge may result in erroneous assumptions that restrict young children from
simply being given access to an appropriate AAC system. Common unfounded
beliefs are related to the need for children to demonstrate prerequisite skills
(Cress & Marvin, 2003), and the belief that AAC use will inhibit children's natural
speech development. In addition, some parents may choose to avoid an AAC
system because they are simply overwhelmed with adapting to their child's
disability (McNairn & Shioleno, 2000). When an AAC system is present, limited
facilitator knowledge may lead to inappropriate vocabulary selection, (Sturm &
Clendon, 2004), with the system often consisting exclusively of the most basic
needs (i.e. eat, drink and bathroom). Unlike the rapid manner in which typically
developing children use oral speech to acquire vocabulary, children with CCN are
clearly at a disadvantage with mechanisms to develop language. This gap will
continue to widen, limiting language development of students with CCN, and
ultimately limiting their literacy development.
A lack of training in instructional methods in literacy also presents
difficulties with respect to students' learning opportunities. Professionals who
teach and provide therapy services to children with CCN have access to little, if
any, educational training in literacy instruction (Erickson, Clendon, Abraham,
Roy, & Van De Carr, 2005; Erickson, Koppenhaver, & Cunningham, 2006;
Koppenhaver, 1991; Light, Koppenhaver, Lee & Riffle, 1992 as cited in
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Koppenhaver & Yoder, 1993). Moreover, there are few curricular resources
available to guide literacy instruction for this population (Erickson et al, 2005;
Fallon, Light, McNaughton, Drager, & Hammer, 2004; Koppenhaver & Yoder,
1993; Sturm, 2005). Additionally, there is little recognition of the need to base
instruction upon accepted theories or models of reading development. As a
result when literacy instruction occurs, it tends to be minimal, unsystematic, trial
and error in nature and, "without any particular philosophy," (Koppenhaver &
Yoder, 1992, p. 167). The precarious combination of little training with limited
resources makes facilitators' knowledge and skills relative to AAC and literacy
instruction incomplete, at best. When it does exist, AAC and literacy instruction
is separate and unrelated making it difficult to foster the relationship between
language and literacy.
While the number of barriers seems insurmountable, students with CCN
face yet an additional barrier. In addition to the fragmentation and a-theoretical
nature of the instructional content, the manner in which it is implemented may
have significant effects on students' abilities to develop as generative
communicators, readers and writers. As described earlier, instruction for
students without disabilities has been grounded in constructivist-based
orientations (Graves, Juel, & Graves, 2001) while recommended instruction for
students with significant disabilities has been commonly based in behaviorist
orientations (Katims, 2000; Westling & Fox, 2004). However, there have been
recent calls to base instruction for students with CCN on models that focus on the
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development of cognitive processes, rather than external behaviors
(Koppenhaver, 2000).
The Opportunity Barriers faced by students with CCN are numerous. The
incomplete knowledge and skills held by the adults in their lives have a negative
influence on AAC learning and use and the provision of systematic literacy
instruction for students with CCN. The old adage that "knowledge is power," is
seen from an ppposite view here, as the lack of knowledge held by professionals
and parents has a negative influence on the quality of communication and
literacy opportunities for students with CCN. Unfortunately, Opportunities
Barriers are not the only barriers preventing students with CCN from learning to
read, write, and communicate. They also face Access Barrier that pose
additional problems.
Access Barriers
When students with CCN are provided with opportunities for AAC system
use, the system itself often presents Access Barriers. One common Access
Barrier involves the breadth of the available vocabulary. AAC systems often
have vocabulary that is restricted to the expression of basic needs and wants
(Light, 1997). When a broader range of vocabulary is available it is often
vocabulary that has temporary value for use in specific activities with little use
when the activity has been completed. Additionally, the AAC system may be
programmed with whole phrases, limiting students' access to individual words
that can be used to generate novel word orders and syntax (Bedrosian, 1997),

16

and providing little room for growth (Bedrosian, 1997; Paul, 1997). If single
words are present on the system, there may be a limited range of them,
restricting students' abilities to explore and combine vocabulary. Access barriers
also result from AAC systems that do not include grammatical morphemes
(Blockberger & Johnston, 2003; Marvin, Beukelman, & Bilyeu, 1994). Such
restriction in device vocabulary results in substantial barriers to the successful
development of language and literacy (Sturm & Clendon, 2004).
Other Access Barriers may result when children with CCN are unsure
about how and when to use the AAC system. Typically developing children learn
how and when to communicate orally through ample adult input and modeling,
and opportunities to freely experiment and make errors with the language they
are expected to use. However, children with CCN rarely observe others
modeling the use of the AAC system they are learning to use (Light, 1997), and
rarely have opportunities to experiment, make mistakes and problem solve with
the device. Despite the lack of important fundamental experiences, AAC
instruction commonly focuses on the correct, immediate use of the device. Thus,
students with CCN are faced with enormous access barriers that result from little
understanding of how and when to use the AAC system, few experiences with
seeing others use the system, few opportunities for exploration and
experimentation, and instruction that emphasizes he production of correct
responses.
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Access Barriers to literacy development include the physical impairments
experienced by many children with CCN that prevent them from freely exploring
and experimenting with books and writing utensils (Mike, 1995; Pierce &
McWilliam, 1993). Mobility challenges may prevent children from observing
peers and adults using print in multiple environments. Meaningful social
interactions around literacy activities, such as book reading, may be restricted in
content due to children's inability to communicate (Light, 1993). Students with
CCN may be unable to comment, label or ask questions, limiting the rich
vocabulary and conceptual discussions that often occurs during book sharing.
Over time, such constrained access to a means of physical interaction and
expressive communication impacts students' language development and their
ability to progress with literacy (Light, Binger, & Kelford Smith, 1994; Paul, 1997;
Sturm, & Clendon, 2004).
Summary
Students with CCN face seemingly endless barriers perpetuated by low
expectations, a lack of knowledge about AAC system use and literacy instruction,
and severely limited curricular materials. Teaching practices may be atheoretical or based in a behaviorist orientation with little focus on the
development of cognitive processes. Students with CCN may also face barriers
inherent in the AAC systems, such as limited or inappropriate vocabulary, and
the very nature of their physical and communication impairments present further
barriers.
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Given these numerous barriers, it is not surprising that students with CCN
have had significant difficulty achieving successful communication and literacy.
Recent work, however, has provided a growing body of evidence to suggest that
students with CCN can be successful—with instructional practices grounded in
research-based approaches for students without disabilities (Blischak, 1995;.
Erickson et al, 2005; Erickson et al 1997; Erickson & Koppenhaver, 1995; Gipe,
Duffy & Richards, 1993). Equally important is the consideration of the learning
approach upon which practices are grounded. While behaviorist approaches
have historically dominated literacy instruction in special education, such
orientations should be questioned and alternatives should be considered (Katims,
2000). The proposed study is intended to contribute to this growing base of
evidence through the investigation of a particular communication and
conventional word study instructional program. As the instructional program is
grounded in instructional practices and learning approaches used with students
without disabilities, the early conventional literacy development of students
without disabilities will be contrasted with what is possible for students with CCN.
The Early Signs of Conventional Literacy
Previously described early experiences with oral language and emergent
literacy enable most children to read and write when they enter elementary
school. The development of conventional written language skills, however, does
not proceed as simply as the development of the oral language skills for most
students (Kamhi & Catts, 1999; Snow, 1983). To insure the development of
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written language, it is important to be able to recognize and support the earliest
signs of conventional literacy learning and use when they appear.
Early Word Reading
The relationship between language and literacy is evident from the start;
the first words that students typically begin to read are already well established in
their expressive and receptive vocabularies (Snow & Tabors, 1993). When a
child in first grade reads, "The cat is black," that child is aided by prior receptive
and expressive knowledge about the words "cat" and "black." Previous
discussions about and experiences with neighbors' cats, friends' cats, going to
the pet store, coupled with their understanding of colors, contributes to the child's
success in reading and understanding "The cat is black." Thus, the development
of conventional written language skills, specifically at the word level, draws upon
students' already developed expressive and receptive language skills (Adams,
1990; Dickinson & McCabe, 2001). Eventually, this relationship between oral
and written language truly becomes reciprocal as students develop their
expressive and receptive language skills though reading (Biemiller, 2003; Nagy &
Anderson, 1984; NICHD, 2000).
Similar evidence has been observed in students with CCN. One such
account is from a study involving students' developing use of AAC systems
(Romski & Sevcik, 1996). Students with CCN had access to static AAC systems
containing symbols accompanied by printed words. Students had opportunities
to use the systems in natural activities, as well as observe others using AAC
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systems. During the study, students did not have any specific instruction on the
printed words. Over time, however, they were found to have an increasing ability
to recognize the printed words from their AAC systems without the symbols
(Sevcik, Romski, & Robinson, 1991). This learning was attributed to the
students' earlier experiences in using symbols that were believed to help them to
relate the symbols' meaning to the printed word. Similar to their peers without
disabilities, these students with CCN drew from their existing expressive and
receptive language to learn to recognize the printed words they encountered.
These early signs of conventional literacy are not confined to reading, but can
also be observed in students' writing.
Early Writing
Children's early writings offer signs of their developing understandings of
conventional literacy. Typically these early writings reflect familiar words and
topics, such as their names (Schickedanz & Casbergue, 2004) or personal
events they want to share with others (Cunningham & AHington, 2002). In order
to compose, early writers call upon these ideas and words that are already
present in their expressive and receptive vocabularies and represent them with
phonetic spellings, also known as developmental or inventive spelling. For
example, a 6 year old writes a sign for her bedroom door: "EMILY AND MEGAN
R NOT A LOIN THS RM KSIS ELLENS RM" (Emily and Megan are not allowed in

this room because its Ellen's room). This early conventional writer displays an
understanding of important words such as names, some high frequency words,
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and an awareness of specific letter-sound relationships. As early conventional
writers continue to develop, their growing understandings of the alphabetic
system and conventional literacy in general can be tracked as they progress
through stages of inventive spelling (Gentry, 2000).
Similar observations have been made for students with CCN. Erickson
and colleagues (1997) describe the progress of Jordan, a student with CCN, as
he developed from emergent to conventional reading and writing. He understood
the basic function of print to communicate information. As Jordan was unable to
read words orally, his writing became the source of information regarding his
developing skills. For example, when he wrote about a Mayberry Reunion Show:
"Barny was fny. I had fon." (Barney was funny. I had fun.), Jordan's inventive
spelling reflected his growing understanding of written language. Similar to the
experiences of typically developing students, Jordan received systematic
instruction. However, unlike his typically developing peers, Jordan didn't have
the advantage of a well-developed expressive and receptive vocabulary to draw
upon as he engaged in early conventional reading and writing. For students with
CCN, this deficit generally impacts their literacy development (Justice &
Kaderavek, 2004). Thus, it is critical that systematic integrated communication
and literacy instruction be provided.
Word Instruction
Current research identifies phonics instruction as a necessary component
in fostering the early word skills of beginning conventional readers and writers
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(Adams, 1990; Cunningham, 2000; NICHD, 2000; Snow et al, 1998). Phonics
instruction supports students in developing a complete understanding of lettersound correspondences and their application in reading unfamiliar words. A
variety of instructional approaches exist with each approach based on different
underlying principles (NIHD, 2000; Stahl, Duffy-Hester, & Stahl, 1998). Given the
many different phonics approaches, instructional approaches need to be selected
based on students' needs (Adams, 1990; NICHD, 2000) and should be
systematic and explicit in nature (NICHD, 2000). The intervention to be
investigated is grounded by the belief that the same principles can and should be
applied to teaching reading and writing to students with CCN.
In published descriptions of students with CCN who have demonstrated
early signs of conventional literacy, the use of phonics instruction, integrated with
other reading and writing activities has been prominent (Blischak, 1995; Erickson
et al., 2003; Erickson et al., 1997; Gipe, Duffy, & Richards, 1993). Given this
population's inability to manipulate letter sounds and words orally as required by
many phonics programs, it is clearly important to select a phonics method that
meets their needs. Returning to the case study of Jordan (Erickson et al., 1997),
a phonics program was implemented that allowed him to manipulate letters
through spelling rather than oral speech. This systematic spelling based phonics
program supported Jordan in learning about letter-sound correspondences and
visual analysis of words for common elements (Cunningham & Cunningham,
1992). Over time, Jordan demonstrated his increasing word understandings
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through inventive spelling during other activities. While such gains using a
specific phonics approach are positive, there is limited evidence of effective
phonics instruction with students with CCN.
Summary
Given the challenges of literacy for students with CCN, further information
about systematic instruction that includes communication and conventional
literacy is needed. Instruction that is grounded in approaches used with typical
students can offer guidance and structure, while highlighting the role of
expressive communication for students with CCN and its relationship to
developing conventional written language skills. While specific instructional
practices for typical students are important to examine, larger, overarching
models that guide instruction are also important to consider. In the next section,
a theoretical model used to describe the cognitive processes involved word
reading for typical students will be discussed. Its implications for students with
CCN will be discussed to continue to lay the foundation for the intervention
examined in this study.
A Model of Word Reading
The intervention examined in this study is based on a model of reading
described by Adams (1990). The Adams model describes word-level reading for
typically developing students as the interaction between four cognitive
processors: the orthographic processor, the phonological processor, the meaning
processor and the context processor (See Figure 1). During reading, each of
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these processors plays a role, while working in concert with the other processors.
Initially, the reader processes a word through visual and/or auditory channels.
The reader determines how the printed word looks using the orthographic
processor, while simultaneously considering how it sounds using the
phonological processor. With established internal visual and auditory
representations of words, the meaning processor is consulted for specific word
meanings, and the context processor is used to determine or confirm word
meanings within the context of the sentence within which the word is presented.
During reading, students draw upon their current knowledge of word meanings
and concepts, while updating and deepening their understandings of the very
same words.
For students with CCN, it has been suggested that conventional literacy
instruction be grounded in solid theories of literacy learning that emphasize
underlying cognitive processes (Koppenhaver, 2000). The well-accepted Adams'
model offers such a structure because it focuses on the cognitive processes
involved in word reading rather than specific overt behaviors. Overt behaviors
such as oral word reading are difficult, if not impossible for students with CCN.
Thus, the model's processors and the interaction between them can help
educators more fully understand the process of word reading for students with
CNN, while offering guidance in developing instruction. The role of the
phonological processor can be used to support an understanding of the internal
phonological representations of words students with CNN create using their
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Figure 1. Adams' Model of Word Reading

Print

Speech

inner voice. Additionally, the model may inform the development of instruction
that will consider the reciprocal relationship between expressive vocabulary,
receptive language and word instruction. For example, the meaning processor
generates multiple meanings of the words being read. These meanings are
based in students' expressive and receptive vocabularies, calling attention to the
critical role of language within literacy for students with CCN and the need to
provide instruction that connects the two. Specific relationships between the
intervention lessons and the model are discussed in Chapter 2.
The Intervention
The current study proposes to examine a word-level instructional program
(Erickson & Hanser, 2006) that integrates AAC system vocabulary instruction in a
manner that supports the processors in Adams' model of reading (1990). The
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study will offer much needed information regarding systematic instruction that
addresses the access and opportunity barriers faced by most students with CCN.
The intervention studied has been designed for students with CCN that have a
specific type of AAC system with a core vocabulary organized by multi-meaning
icons. The intervention includes 75 teacher-guided lessons that teach students
to read, spell and say words using their AAC system. Given these different
needs, the intervention consists of three types of lessons as briefly described
below. Detailed descriptions of the lessons are provided in Chapter 2.
One third of the lessons in the intervention program are devoted to
teaching students the underlying rules and logic that govern how the multimeaning icons on the AAC system can be used to generate words for expressive
communication. During these lessons, the multiple semantic features of the
icons are highlighted as students combine and recombine icons in different
sequences to make different words. The nature of the instruction in this portion
of the intervention is intended to support the development of both the meaning
and context processors that students require to read words. For example, when
new words are presented, they are used within meaningful contexts. Additionally,
students have opportunities to say the words in their head and using the AAC
system serving to support the phonological processor.
Two thirds of the intervention's lessons are devoted to reading and
spelling words that students are learning to communicate on their AAC system.
Consistent with current recommended practice (NICHD, 2000), these lessons
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consist of word identification and phonics components that are explicit, structured
and systematically organized. The underlying principles in the word identification
lessons are reflective of instructional approaches described by Cunningham
(2000a, 2000b). Specific word wall lessons have been designed that support
students' orthographic knowledge of high frequency words, while also supporting
them in saying and spelling these same words on their AAC system. In
reference to the Adams model, these lessons primarily target the orthographic
and phonological processors. The orthographic and phonological processors are
supported through the spelling based phonics lessons which target students'
knowledge of letter-sound correspondences, and analysis of word components
such as initial consonants and spelling patterns. Lessons consistently support
word meaning by using target words within a meaningful sentence to provide
context, serving to develop the meaning and context processors. Through the
use of these three lesson types, integrated instruction will be provided that
addresses expressive communication, spelling and word recognition for students
with CCN.
The Current Study
The purpose of this study was to investigate the implementation of a
systematic expressive communication and phonics intervention program with
three students with CCN who use similar AAC systems. The study employs a
non-concurrent multiple baseline across subjects design, and a descriptive case
study design to look at the effects that systematic instruction has on expressive
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communication, spelling, and word recognition. The research questions driving
this study are:
When provided with systematic, integrated literacy and language instruction, are
there changes in participants' reading, spelling and communication abilities?
Question 1, Are there pretest-posttest differences in the word identification skills
of participants?
Question 2. Are there pretest-posttest differences in the developmental spelling
skills of participants?
Question 3. Is there a change over time in the number of icon sequences that
participants generate?
Question 4. When comparing pretest, posttest, and maintenance use of the AAC
system, is there an increase in the number of icon sequences taught in the
intervention?
Question 5. Is there a change over time in the number of letters that participants
generate?
Question 6. Outside of the intervention, on each day that at least one lesson is
completed, is there a change in the number of correctly spelled words?
Summary
For many typically developing students, the ability to communicate
develops naturally without intervention or instruction. The task of learning to read
and write conventionally occurs in predictable ways by means of established
instructional methods leading to high rates of success. In comparison, students
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with CCN face innumerable barriers that restrict their ability to learn to
communicate, read, and write. These barriers become apparent at an early age
with lowered expectations for learning (Light & McNaughton, 1993), a paucity of
early language opportunities perpetuated by inconsistent use of AAC systems,
and minimal emergent literacy experiences (Koppenhaver et al, 1991; Light &
Kelford Smith, 1993; Pierce & McWilliam, 1993; Light, Binger & Kelford Smith,
1994). Their dilemma continues through the school years with fragmented
instruction presented in isolated learning formats. Together, these limited
experiences place students with CCN at serious risk for difficulties with
conventional literacy learning. However, recent research in the area of
conventional literacy for students with CCN has found that this population can
make progress when afforded the same types of instructional approaches given
to their peers without disabilities (Blischak, 1995; Erickson et al, 1997; Gipe,
Duffy & Richards, 1993). Further work is needed to investigate this claim. This
study will examine the effects of an intervention that combines conventional
literacy instruction with expressive communication instruction.
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CHAPTER 2

REVIEW OF THE LITERATURE

introduction
As described in Chapter 1, most students with complex communication
needs (CCN) have had inconsistent and unsystematic instruction in literacy and
AAC use. Instruction may be mired by low expectations, fragmented teaching
materials, and an a-theoretical nature, all which portray a dim picture about the
quality and quantity of instruction that this population receives. However,
descriptive and anecdotal evidence suggests that students with CCN can be
successful in learning both literacy and AAC when provided with instruction that
is grounded in the principles of instruction used with students without disabilities
(Blischak, 1995; Erickson et al, 1997; Erickson et al, 2005; Gipe et al, 1993).
Although this is documented in the literature, the state of instruction for students
with CCN bears little resemblance to that which is afforded to students without
disabilities. Thus, further information is desperately needed to inform the field
about instructional methods based in research-supported practices for students
without disabilities. In order to lay the foundation for this investigation, the review
of the literature will begin with a description of interventions used to teach
students with CCN to communicate using AAC systems. With an understanding
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of the range of AAC instructional practices available, the discussion will focus on
the specific AAC system targeted in the current intervention. It will be followed by
a review of reading instructional practices for students with CCN and a review of
research-based practice in beginning reading instruction for students without
disabilities. Spelling and its relationship with reading development will also be
described for students with and without disabilities. Lastly, a description of the
intervention will be provided highlighting its links to research-based instructional
practices for students without disabilities.
AAC Instructional Approaches for Students with CCN
In the current investigation, students with CCN were taught to use multiple
icons on a dedicated AAC system for the purpose of improving literacy and
communication skills that included a broad range of communicative functions.
During the intervention, a highly interactive format was used to facilitate adult
modeling, active student engagement and problem solving. The AAC research
reviewed here focuses on those studies that best inform the current investigation
and provide appropriate background knowledge. In order to accomplish this goal
of focusing on the most appropriate studies, the following criteria were used to
identify AAC intervention studies for review: (1) the intervention was conducted
with students with CCN; (2) the intervention included instruction on more than
one communicative function; (3) the intervention focused on the use of multiple
symbols or icons; and (4) the intervention was conducted within natural and
interactive environments. Surprisingly few studies of AAC systems have involved
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students with CCN or investigated the use of multiple symbols and icons.
Instead, the field is replete with studies that examine AAC as it is used by
persons without CCN and investigations of approaches to functional
communication training using individual photos, objects and line drawings to
teach individuals to make simple requests or to alleviate challenging behaviors
(Bopp, Brown, & Mirenda, 2004; Mirenda, 1997). Nonetheless, there have been
investigations that meet all four criteria described above.
Goossens (1989) implemented an AAC instructional technique with a
single student with CCN, resulting in increases in receptive and expressive
communication. The author described a 7-month implementation of an "aided
language stimulation" intervention with a 6-year old girl with severe cerebral palsy
and CCN who was an English language learner. As a result of her cerebral palsy,
the girl had poor use of her arms, poor head control and unreliable use of her
eyes to point to desired responses. An initial evaluation was difficult to conduct
due to her inability to communicate and her unreliable motor responses. It was
decided that an intervention would instead be implemented using aided language
stimulation. During aided language stimulation, the facilitator used a set of
picture symbols on a communication display. The facilitator spoke while pointing
to the corresponding picture symbol. Employing principles of typical language
intervention, aided language stimulation provided ongoing models of
communication during interactive, meaningful activities. Given the girl's severe
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motor difficulties, it was determined that teaching her to use her eyes to look at
symbols had the greatest potential as a means for communication.
Aided language stimulation intervention began with picture symbol
displays placed on a wheelchair mounted eye gaze frame, and a vest that the
communication partner wore. A variety of symbol displays were created related to
activities that the child was interested in, including those that occurred at home.
The displays were designed so that "core" more frequently used vocabulary was
placed on the communication partner's vest, and the "fringe" or activity specific
vocabulary on the eye gaze frame. See Figure 2 for sample displays (without
symbols) related to the Doll Washing Play activity.
The communication partner interacted with the girl during a number of
activities pointing to the symbols on the vest while talking. Revisions to the
symbol displays occurred three times over the course of the intervention. Each
time, additional vocabulary was added to offer a broader range of communicative
functions. Throughout the intervention, the girl learned symbols as the
communication partner modeled them.
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Figure 2. Vest Display and Eye Gaze Displays for Doll Washing Play Activity
Vest Display
Wash

Water

Wet

Clothes

Push

Dry

More

My turn

Dishes

All
done

Dirty

Body

Splash

Clean

parts

Eye Gaze Display for Doll Play:

Eye Gaze Display for Doll Play:

Washing Clothes & Dressing

Washing Dishes

Take

Pajamas

Hat

Jewelry

Put on

Sponge

off

Pot/

Dish-

pan

soap

Rinse

Towel

Shirt

Pants

Plate

Bowl

Socks

Shoes

Fork

Spoon

Under-

Diaper

Cup

Knife

Coat

Sink

Dish-

wear
Dress

rack

(Goossens', 1989, pg. 21)
By the end of the 7-month intervention, the girl developed an
understanding for the picture symbols, as well as the ability to eye point as a
reliable response method enabling her to communicate. The authors attribute
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this to an intervention employing aided language stimulation that offered
continuous modeling of communication with symbols in a highly interactive and
meaningful format. Aided language stimulation for students with CCN appears to
parallel the manner in which typically developing children are exposed to a vast
number and range of language models.
Aided language stimulation offers an important teaching strategy that has
been implemented across a number of studies. During an investigation
described by Cafiero (2001), aided language stimulation was used to
successfully increase the expressive communication abilities of a 13-year-old
adolescent with autism who had CCN and behavioral problems. Prior to the
intervention, the student engaged in frequent tantrums, rocking, bolting, throwing
and other non-compliant behaviors. Sign language intervention resulted in his
ability to communicate using five signs.
At the start of the study, the student's individual education plan included
goals that were restricted to motor activities. Baseline data indicated that the
student had tantrums 4-5 times a day. He bolted from the group an average of 8
times during instructional activities each day. When the student behaved
appropriately, reinforcement focused on allowing him to make a choice from a
board containing items representing motivating free time choices.
Consistent with the principles of aided language stimulation described by
Goossens' (1989), this intervention involved communication instruction that
included communication partners pointing to the symbols as they spoke. Symbol
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boards included a range of vocabulary for commenting, responding, questioning
and initiating (see Figure 3 for board layout without symbols).
Figure 3. Sample Communication Board Used during Breakfast
Please

No

Thank

Yes

You
1

Want

Clear

More

Breakfast

Milk

Toast

Free

table
You

Eat

Taste

Time

Drink

Pour

Time
Quiet

Good

Fork

Water

Waffle

Pat

Hungry

Knife

Jelly

Pan-

Butter

Thirsty

upset

cakes
Serve

Spread

Spoon

Syrup

Fruit

Juice

Finish

Bowl

Glass

Muffin

Tissue

Cap

Full

Plate

Cup

Cereal

Lock

Note-

Napkin

Bath

French

Trash

room

fries

can

Sit
Wait

BackPack

What

Key

book

(Cafiero, 2001, pg. 183)
Communication partners were taught to use these boards during all
interactions with the student and accept all forms of the student's communication.
Additionally, they were trained to model what the student said on the board,
expand on what was said and shape it as needed by correcting or completing the
communication.
During the intervention, data were collected on the number of initiations
the student made using the symbol boards. During the first three months, the
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student learned how to use 27 symbols and began to chain two and three
symbols together. Over the course of the two school years, he went from four
initiated communications a month to 30 initiations a month. Overall, he improved
from using 16 symbols to 67 symbols. Other positive changes in behavior
occurred. Bolting from group time decreased from eight to three times a day, and
tantrums decreased from five to two per day. The author strongly suggests that
the student's behavioral changes were due to his increased ability to
communicate using symbols. Additionally, the behavioral improvements led to
changes in the student's IEP goals to include communication and literacy.
Although this study focused on alleviating problem behaviors, it differs from other
functional communication training studies in that the student had access to a
range of expressive communication functions, along with interactive adult models
within natural environments and activities. The availability of pronouns, verbs,
adjectives, question words and nouns offered enough vocabulary so that the
student could generate novel messages as evidenced by his increasing ability to
initiate. The wide range of vocabulary has important implications for the current
intervention, which also employed a wide range of vocabulary.
One of the most commonly cited investigations that addressed the
communication needs of students with CCN by teaching them to use an AAC
system with multiple symbols and functions was conducted by Romski and
Sevcik (1996). The researchers conducted a 2-year AAC intervention study
during which 13 males between the ages of 6 and 20 years were taught to
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communicate using over 20 symbols. All of the students had moderate to severe
intellectual disabilities with CCN. Each had some previous exposure to AAC and
manual sign language, but little success learning them. Using the System for
Augmenting Language (SAL), Romski and Sevcik gave each student the same
board with space for 36 symbols. The symbols were arbitrary representations of
their referent words with a printed word appearing under each. SAL is similar to
aided language stimulation in that the facilitator models the use of the symbols
during naturally occurring activities. SAL differs from aided language stimulation
in that communication symbols made available are limited in number and
communicative function. Additionally, students started with only a few symbols
and additional symbols were added over time.
The intervention took place during everyday activities, such as mealtime
and leisure time. During the first six months of the study, only nouns were
represented on the boards. Initial vocabulary was targeted specifically for use
during mealtime. During the first week, one symbol was available. A second
was added in week two, and ten were added during week three. As symbols
were added, they were selected from a pre-determined list (see Table 1). The
researchers state that the list was based on the notion that normally developing
toddlers' early words contain a high number of social-regulative words and nouns
(Adamson, Romski, Deffebach, & Sevcik, 1992).
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Table 1. Dictionary of Symbol Vocabulary
Referential Vocabulary
Ball
Banana
Bathroom
Big wheel
Book
Bowl
Bread
Bucket
Cards
Cereal
Cheese
Chocolate milk
Cracker
Football

Fork
French fries
Game
Glass
Hamburger
Home
Hot dog
Ice cream
Jelly
Juice
Ketchup
Knife
Kool aid
Macaroni

Be quiet
Excuse me
Good
Goodbye

Help
Hello
I want
I'm finished

Magazine
Meat
Milk
Napkin
Outside
Pan
Paper
Peanut butter
Pencil
Plate
Potato chips
Radio
Raisin
Record player

Records
Salad
School
Spoon
Straw
Swing
Tea
Television
Toast
Tray
Water

Social-Regulative Vocabulary
I'm sorry
More
No
Please

Stop
Thank you
Wait
Yes

(Adamson, Romski, Deffebach, &Sevcik, 1992)
Facilitators provided instruction on the use of symbols by using them
during conversations and supporting students in using them during natural
communication exchanges. After the first three weeks of the intervention, in
order to receive additional symbols, students needed to demonstrate mastery of
at least 66% of the first 12 symbols during structured assessments. By six
months, students had a mean of 15 symbols available and displayed
comprehension for a mean average of 13 symbols. After this period, 13 basic
symbols were added that regulated social functions (see Figure 4), with adults
continuing to model their use. Data were collected on the students' use of the
symbol display during everyday activities using structured observations and
assessments.
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Results indicate that after two years, all 13 subjects communicated with
the AAC system using both the social regulative and nouns symbols. Student
achievement ranged from use of 20-70 symbols. Seven of the 13 students
demonstrated the ability to produce messages with two or more symbol
combinations. Additionally, although no direct reading instruction was provided,
more than half of the students were able to recognize many of the printed words
displayed on their AAC systems, without the symbols present. After five years,
all students continued to use their AAC systems with a range of 41-104 symbols.
Romski and Sevcik's work served as an important study, as it experimentally
documented that students could learn to use multiple symbols to communicate in
natural environments. However, the mastery based approach, the limited range
of communicative functions taught, as well as the over-reliance on activity
specific or "fringe" vocabulary (e.g. napkin, bowl, ketchup) may have done little to
teach students to generate novel messages about a wide range of topics.
Summary
The findings in these studies support critical elements that appear to be
effective in teaching students to use AAC systems. All of these studies clearly
demonstrate the importance of facilitator modeling the use of an AAC system,
regardless of its contents or associated activity. Similar to the manner in which
typical children are exposed to a wide variety of vocabulary in many different
environments, Goossens' (1989) and Cafiero's (2001) studies included a wide
range of vocabulary over multiple displays. These two studies appear to be
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based on the fundamental belief that when acquiring vocabulary, students with
CCN need to be exposed to a wide variety of vocabulary, including unfamiliar and
unknown vocabulary. This fundamental belief was not a core component of
Romski and Sevcik's (1996) study as students were required to demonstrate
mastery of symbols in order to gain access to more. Thus, important findings
from existing research that underpin the current intervention include the
importance of adult models of AAC system use, the inclusion of a range of high
utility vocabulary words, and the fact that students with CCN can learn without
requiring mastery of each step.
Overview of the AAC System Targeted in intervention
AAC System Access Methods
Students with CCN possess diverse physical abilities that determine how
they operate an AAC system in order to generate expressive communication. As
a result, different methods of physical access have been identified in order to
support students with efficient and independent AAC system use (Beukelman &
Mirenda, 2005; Cook & Hussey, 2001). Access methods will be briefly described
as they impact participant selection for this study.
Direct selection is a term used to describe the means by which students
directly and accurately touch individual icons or particular locations on the AAC
device. Direct selection can be accomplished through use of a body part (finger,
toe) or through an adapted pointer such as a head stick (Cook & Hussey, 2001).
While direct selection is acknowledged to be fastest and easiest for
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communication, other methods are available for students who exhibit physical
difficulty with this method.
When students do not have the physical skills to be able to directly touch
the symbols and words on an AAC system, methods of indirect selection are
employed. Indirect selection is accomplished through the use of mechanical
switches (Cook & Hussey, 2001). A scan indicator is present on the screen of
the device; this is typically a red box that highlights a particular symbol, icon, or
area. Through the use of the mechanical switch, the scan indicator is moved
from one symbol, icon, or area to the next. When the scan indicator is at a
desired location, the mechanical switch is used again to make a selection.
Indirect selection methods can be markedly slower than direct selection in
expressive communication in AAC. Whether students use a direct selection or
indirect selection method, much time and practice are needed, with even skilled
individuals communicating at a slow rate. Determining an appropriate access
method is critical as it plays a central role in how students manipulate the
symbols or icons on an AAC system to generate effective expressive
communication. Participants in the present study possessed different motor
abilities and used different methods to access their communication devices;
however, each was able to generate at least two messages within one minute.
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AAC System Characteristics
The intervention for the current investigation was designed for use with
students who use AAC devices with the Unity language representation system
distributed by Prentke Romich, Inc. The software-based Unity is an essential
component of the intervention to be investigated. Unity is available in three
different versions: Unity 45, Unity 84, and Unity 128. The primary difference
between the three versions is the number of icon cells in each AAC system.
Thus, the total number of icon sequences that can be generated with each
version of Unity is slightly different with a larger number of icons resulting in a
higher number of possible sequences. To support individuals using these
different versions of Unity, there were three slightly different versions of the
intervention: Literacy through Unity 45, Literacy through Unity 84, and Literacy
through Unity 128. Within the study, each participant utilized one of the versions
of Unity on their AAC system, and thus, received the corresponding version of
Literacy through Unity as the intervention.
Developed by a linguist (Baker, 1982), Unity consists of a small set of
multi-meaning icons. These icons are combined through a rule-based system of
semantic concepts and metaphors. This icon sequencing allows the
communicator to generate thousands of single words and link those words
together to create messages. The single word composition is consistent with the
finding that children without disabilities communicate a large portion of what they
say by combining a predictable set of high frequency words that match the
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communication context (Ball, Marvin, Beukelman, Lasker, & Rupp, 1999;
Beukelman, Jones, & Rowan, 1989; Fallon, Light, & Paige, 2001; Marvin et al.,
1994). This set of high frequency words is called "core" vocabulary, and it is
commonly used across situations, activities and environments (Cross, Baker,
Klotz, &Badman, 1998).
An example of a Unity 84 display is shown in Figure 4. It consists of 84
communication cells. See Appendix A for a description of individual icon names
in the 84 cells. Of the 84 communication cells, 42 contain multi-meaning icons as
marked in Figure 4. The 84 communication cells also include 22 icons that
represent important components of speech such as pronouns (10 yellow icons),
verbs (6 green icons), adjectives (3 blue icons), nouns (2 orange icons), and
prepositions (1 purple icon).The communicator uses these icons in combination
with the multi-meaning icons to generate thousands of words.
Figure 4. Unity 84
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Unity also contains an ABC button that links to an alphabet display, an activity
row and various function buttons (Clear, Delete Word). Using Unity, thousands of
words and messages can be generated from the same small set of icons using
their multiple meanings.
The benefit of icon sequencing is that it is faster than spelling or singlemeaning symbols (Hill & Romich, 2001). However, the benefit can only be
realized if the communicator understands icon sequencing and how it works.
The method employed in the current investigation focused on teaching students
with CCN how the system of icon sequencing works. For example, semantic
rationales rather than linguistic terms are used to teach the use of the speech
component icons. Examples of these rationales are provided in Table 2.
Table 2. Icon Rationales
Icon

Icon Rationale
This is action man. He is busy and is in action. We can use this icon with other
icons to say action words.
These faces are happy and sad. These are feelings. We can use this icon with
other icons to say words about how we are feeling.
This lady is looking in the cupboard. She is looking at the names and labels on the
cans. This icon can be used with other icons to say the names or labels of things.

TJ

0"

This is bridge. We can be on, under, or over a bridge. It can be used with other
icons to say little words that describe places.

The icons above can be combined with multi-meaning icons to produce verbs,
adjectives, nouns or prepositions. For example, in Table 3, multi-meaning icons
are combined with the verb icon to produce many different verbs. Example
semantic rationales that teach the highlighted feature of the multi-meaning icons
are also provided.
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Table 3. Sequencing Multi-Meaning Icons to Generate Common Verbs
Icon 1

Icon 2

w
*4. >
'3

Mi
W%

Expressive
Communication

Rationale

"eat"

Apples are good to eat.

'play"

We play games with
dice.

"feel"

Our faces show how we
feel.

"read"

Books are good to read.

"work"

Some people use a
hammer to work.

"need"

You need an umbrella
when it rains.

/

•

£
^
/

The above describes using one speech icon and combining it with many
different icons to get different verbs. Following a similar process, a single multimeaning icon can be combined with different speech component icons to
generate words that represent a variety of parts of speech. In Table 4, the multimeaning icon, BED, is combined with the speech component icons that represent
verbs, adjectives, nouns, and prepositions to produce a variety of words related
to the semantic concept, bed.
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Table 4. Using the Multiple Meanings Inherent in One Icon
Expressive
Communication

Icon Sequence

"sleep"

4PL ^^
^r

+

"tired"
"bed"

NOUN *

"in"
In addition to the icon sequencing with the multi-meaning icons and speech
component icons, Unity includes the alphabet, activity rows and activity specific
pages to support communication.
Despite the thousands of words that can be generated using icon
sequencing, communicators will often find that they need to generate additional
words. As such, Unity includes links to a keyboard page where learners have
access to the full alphabet, allowing them to spell messages that may not be
available via icon sequencing. Since spelling is markedly slower than icon
sequencing (Hill et al, 2001), a rate enhancement feature, "word prediction," is
also provided. Using word prediction, the individual selects the first letter of the
desired word. The system then predicts what the individual is spelling and
produces a list of possible words that begin with the selected first letter. The
individual checks the list and selects the word if it is present. If it is not present,
the individual may type additional letters, causing the list to be updated with each
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new letter. Word prediction can dramatically increase both the speed and
accuracy of spelling attempts for students who use AAC systems.
The dynamic activity rows in Unity are another source of vocabulary in
UnityXhdX does not require icon sequencing. The activity row is displayed
simultaneously with the multi-meaning icons and speech component icons. The
activity row typically consists of "fringe" vocabulary that is more activity specific
than the vocabulary generated through icon sequencing alone. The activity row
changes based on the icons selected. For example the icon, APPLE, has to do
with eating. When it is selected, the activity row changes to display various food
items. Similarly, the icon, DICE is related to play. When it is selected, the
activity row changes to items that are related to games and play (See Figure 5).
Figure 5. Dynamic Activity Row
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The activity row allows learners to access activity specific vocabulary, while
maintaining access to high frequency vocabulary through the core icons.
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In addition to the core set of icons, an alphabet page and the dynamic
activity row, Unity also has activity specific pages. These dynamic pages are
organized categorically with all of the vocabulary needed for one specific activity
present on an individual page. (See Figure 6) When these pages are accessed
the core icons and activity rows are not present. These activity specific pages
provide important support to individuals when they want or need to generate
words specific to a known context or activity.
Figure 6. Activity Specific Page: Fast Food Page

The intervention focused on teaching students with CCN the iconsequencing principles underlying Unity. The rule-based nature of icon
sequencing is believed to align with many of the rules that students learn when
engaged in analogic phonics instruction (Erickson & Baker, 1996); this will be
discussed later in the chapter during the description of the intervention. While
the other aspects of Unity are important to the overall quality of communication
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for individuals who use AAC, they are not the focus of the integrated word study
and communication intervention.
Summary
Understanding the features in Unity as it is presented on Prentke-Romich
devices is essential to understanding why the intervention focused on teaching
the system of icon sequencing. This system provides students with CCN with
access to the "core" vocabulary they need most often in their communication. In
order to participate in the intervention at a reasonable rate, participants were
required to have reliable physical access methods for their AAC systems,
whether it was a direct or indirect selection method. The intervention also
targeted word identification and spelling, and thus the literature related to
research based practice in those areas is discussed below.
A Model of Word Reading: Adams' Model
An Overview
Successful reading requires the orchestration of many components. The
intervention studied in the current investigation targeted one of the critical
components, word identification. In much the same way that reading requires the
orchestration of many components, word identification requires the integration of
a number of processes. One major model of the processes underlying successful
word identification is Adams' model of word reading (Adams, 1990, 1994). This
interactive model describes the cognitive processes that support successful word
reading for typically developing students. Specifically, the model describes four
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cognitive processes that interact in successful word identification: the
orthographic processor, the phonological processor, the meaning processor and
the context processor (see Figure 7).
Figure 7. Adams' Model of Word Reading

Print

Speech

The Orthographic Processor
The orthographic processor reflects the "reader's knowledge of the visual
images of words" (Adams, 1994, p. 1224). As a word is encountered in print, the
reader's orthographic memory is consulted for experience or corresponding
information for the word being read. Orthographic memory, as it is used here, is
the memory a reader has for the system of printed letters we use to represent
words in English. Readers search their memory for related orthographic
information that may consist of visual images of inter-letter associations, letter
order, and spelling patterns. Through instruction and opportunities to interact
with print, readers develop a sense for which letters are likely to be seen together
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in written English (e.g. th, scr, ine, op) and those that are not (e.g., zwg, ikd, eye).
This information is used to quickly recognize a word, and the speed of the
recognition is directly related to the strength of the letter relationships and
patterns in the reader's orthographic memory. For example, when readers
encounter the word, "can," they consult their orthographic knowledge
accumulated through previous reading experiences. As they sort through their
orthographic memory, they may find letter associations and patterns that may
assist them in reading the word (e.g., c, an, n). The orthographic processor uses
this visual information about the print and communicates it directly to the
phonological and meaning processor to support the successful recognition of the
word and its meaning.
The Phonological Processor
As described by Adams (1990, 1994) the role of the phonological
processor is to create an internal or external pronunciation of the word while it is
processed by the orthographic processor. As the orthographic processor
encounters the word "ready," the phonological processor is called upon to
consider appropriate letter-sound relationships and whole word pronunciations.
"Phonological" is used in this model to represent the sound-based components of
words that include the sounds of individual letters, combinations of letters,
syllables, and whole words. The phonological processor creates internal or
external pronunciations when it encounters words and represents them in a
variety of ways for different readers. The pronunciation of the word, "can" is
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represented internally using inner speech, externally through a whisper, or as an
audible pronunciation of the word. The phonological processor sends the
pronunciation of "can," back to the orthographic processor serving to strengthen
the bond between the internal pronunciation and the visual word. The
phonological processor simultaneously sends the pronunciation on to the
meaning processor. The link that the phonological processor makes between the
orthographic and meaning processor allows readers to strengthen bonds
between visual knowledge, sound representation and word meaning. This
ultimately contributes to reading the word, "can," with automaticity or without
conscious attention to the use of orthographic memory or phonological
knowledge. Lastly, the phonological processor plays an important role in keeping
an auditory trail of what is being read, allowing the reader to comprehend the
text.
The Meaning Processor
Adams (1990,1994) explains that the meaning processor generates all
plausible meanings of the visual and phonological word information generated by
the orthographic processor and the phonological processor respectively. The
meaning processor accumulates meanings from the student's personal
experiences, observations and interactions that are then accessed during word
identification. These meanings are not full definitions of each word, but rather
consist of meanings filed by characteristics and features of real life experiences.
Readers use these characteristics and features to help them access the meaning
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of words as they are encountered during reading. For example, as a student
reads the word "can," numerous experiences associated with the word are
recalled. The student may think of different activities that they can do, food
associated with a can, and games that are also associated with a can. While all
of the processors interact with one and other, the meaning processor is unique in
that it interacts directly with all of the processors within the model. Its ability to
respond depends upon the completeness of the information it receives from the
other processors.
The Context Processor
As described by Adams (1990, 1994) the context processor is another
critical processor that contributes to making meaning during word identification.
During reading, the context processor is responsible for keeping track of the text
within which a word is being read. For example, the student reads the word,
"can," within the sentence, "I can read." Based on the words surrounding "can,"
the context processor sends information to the meaning processor about
expected meanings of this word, which then communicates with the phonological
processor about the pronunciation. In contrast, if the student reads the word,
"can," within the sentence, "Juice comes in a can," the context processor
communicates a different meaning to the meaning processor and, in some cases,
a different pronunciation is produced by the phonological processor.
The context processor works with the meaning processor to identify which
of plausible meanings it has generated is accurate. The context processor helps
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determine or confirm the appropriate word meaning and the phonological
processor is called upon to generate the appropriate pronunciation given the
context within which a word appears.
The Processors' Interactions in Supporting Fluent Word Reading
Through hundreds of meaningful opportunities to read and write, readers
develop the ability to read fluently with comprehension. Reading fluently is
defined here as the ability to read words in connected text with automaticity,
accuracy, and appropriate prosody or intonation. Adams (1990,1994) explains
that the development of the ability to read fluently with comprehension is in part
due to the refinement and development of the ability of the four processors to
work together in a seamless manner. Skilled readers have extensive
orthographic knowledge, as well as familiarity with texts and background
experiences to draw from in making meaning during reading. Their orthographic
memory consists of well-developed knowledge of letter associations, spelling
patterns, and syllables, allowing students to perceive these images quickly and
automatically (Adams, 1990). With such deeply ingrained orthographic
knowledge, readers are often able to process the meaning of words directly from
the information provided by the orthographic processor, with little consultation
needed from the phonological processor. This results in the reader being able to
read words quickly and automatically with meaning. The context processor also
plays a role in efficient and swift reading as it can anticipate word meanings. For
the most part, skilled readers read quickly and fluently, however at some point
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they will encounter unknown words. In these instances, the phonological
processor plays a more prominent role in creating an internal or external
pronunciation. The context processor continues to support the meaning
processor for potential word meanings. Clearly, the effortless integration of the
four processors is a characteristic of experienced, proficient readers.
Components of Adam's model, however, can be applied to beginning readers just
getting started on the journey towards successful word reading.
Beginning Readers
In contrast to the above, beginning readers have had little experience with
reading and as a result, each of the processors and their interactions is
underdeveloped and imbalanced. Until the four processors are able to work in
concert, it is helpful to understand how the processors interact with incomplete
information. This information has important instructional implications for the
needs of beginning readers who are the focus of the current investigation.
Beginning readers are overloaded with "an orthographic avalanche of
printed words" (Juel & Minden-Cupp, 2000, p. 314). They have little information
to draw from regarding letters that go together, letter sequences and words.
Given their lack of orthographic knowledge, beginning readers may rely on the
phonological processor. For example, when the orthographic processor is
unable to make sense of an unfamiliar word such as "trees," it shares this
information with the phonological processor. The phonological processor creates
an internal representation of the word using letter-sound knowledge and sends it
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on to the meaning processor. The meaning processor quickly identifies it as a
familiar word from the reader's oral vocabulary and consults the context
processor as needed to determine which meaning or phonological representation
to apply when more than one is available. The phonological representation and
the meaning of the word are immediately directed back to the orthographic
processor in order to help establish the sequences and patterns of letters within
the word, "trees" in the reader's orthographic memory.
Beginning readers need to build their orthographic knowledge through
instruction that supports their understandings of "likely and unlikely sequences of
letters in words" (Adams, 1994, p. 1228). This can be accomplished through
multiple opportunities with reading, writing, spelling and phonics (Adams, 1994).
Specifically, students need instruction in which they are encouraged to analyze
letter orders within words. Adams (1990) notes that instruction that includes
practice with word families (i.e. see, bee, tree, free, flee), supports the
development and functioning of the orthographic processor.
For some beginning readers, the confirmatory support that the
phonological processor provides to the orthographic processor is
underdeveloped. For example, students may be unable to create a phonological
representation for the word, "trees." This may serve to slow down the feedback
that the phonological processor provides to the orthographic processor while the
student is attempting to read the word "trees." Without the ability to develop
pronunciations for unfamiliar words, beginning readers find it difficult to interact
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swiftly with the meaning and orthographic processor. Thus, instruction also
needs to include opportunities for students to create internal and/or external
sound representations of words they are attempting to read.
Another limiting factor for beginning readers can be limited background
knowledge and experiences in the world. For example, students who live in the
desert or the inner city may have little knowledge of trees. This may limit their
vocabulary and experiences that the meaning processor can draw from. To
accommodate for this difficulty, the context processor tries to anticipate possible
meanings. Beginning readers need support to develop the meaning processor
through wide reading and experiences that foster their conceptual and
vocabulary growth (Adams, 1990).
Beginning readers may also have immature context processors. They
may be so heavily focused on sounding out individual words that they are prone
to making reading errors that don't make sense in the context of the sentence
(Adams, 1994). For example, the sentence, "It's fun to climb trees," may instead
be read as, "It's fun to climb treats." In these cases, instruction needs to include
regular opportunities for easy reading of connected texts for which students have
interest and knowledge combined with sentence level reading focused on crosschecking for meaning when reading unfamiliar words. Such easy reading and
cross checking allows students to gain experience with reading familiar and
unfamiliar words within the context of sentences.
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Summary
Adams depicts a model of word identification that is made possible by the
vital contributions of four cognitive processors during reading. As illustrated in
the model, for skilled readers, the interactions between the cognitive processors
facilitate smooth and accurate word identification. In contrast, beginning readers
have different and frequently underdeveloped skill in the use of individual
processors and/or in their integrated use. Based on Adams' model, beginning
readers need instruction that specifically supports the development of each of the
processors as well as opportunities to develop the integrate the use of
processors in word reading.
Word Instruction for Students with CCN
There is some evidence to suggest that students with CCN benefit from
instruction that addresses each of the four processors in a manner that mirrors
instruction provided to beginning readers without disabilities (Blischak, 1995;
Erickson et al, 1997; Gipe, Duffy, & Richards, 1993). However, there is little
evidence to suggest that students with CCN actually receive this type of
instruction outside of the context of research. In fact, commonly used practices
consist of sight word instruction. As such, the research related to these special
education practices are reviewed along with the inherent challenges for students
with CCN. The word reading instruction provided in the present intervention
includes phonics instruction based on practices for students without disabilities,
and is designed specifically to address each of the four processors. To address
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the unique needs of students with CCN, the few studies that have used such
general education practices with students with CCN will be reviewed. Lastly, the
phonics and spelling components of the intervention to be studied will be
described and related to the key features identified in the research for students
without disabilities.
Using "Sight Word Only" Instruction to Teach Students with CCN
Determining which method of phonics instruction or which combination of
methods to use with an individual student or group of students without disabilities
can be controversial. However, current controversies rarely focus on whether or
not we should teach phonics in the first place. In fact, there is general agreement
that phonics instruction should be a part of effective reading instruction for
students without disabilities. Sadly, this is not necessarily the case for students
with CCN. Although phonics instruction has been found to be more effective than
sight word instruction (NICHD, 2000), the field of special education is replete with
studies of sight word identification for students with developmental disabilities,
including students with CCN. Little or no attention is given to the role of meaning
during reading and there is consistently limited generalization to word reading
outside of instruction (Browder & Xin, 1998). These difficulties combined with the
lack of phonics instruction, strongly suggest that the beliefs and expectations
about literacy instruction for students with CCN are drastically different.
It is often the case that students with CCN are seen as incapable of
learning phonics and are consequently labeled as "sight word" readers. Browder
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and Xin (1998) conducted a meta-analysis of 48 sight word studies specifically
done with students with moderate to severe disabilities. The studies selected
were experimental in nature and based on stimulus-response formats with
instruction consisting of repeated trials. Findings indicated that students were
able to learn words within the trials, with a time delay instructional strategy
proving to be the most effective. Using this strategy, once words were
presented, facilitators would wait for a constant time interval (e.g., 4 seconds)
before prompting students to identify a word. Across studies, it was observed
that more positive results occurred when real materials and activities were used
as opposed to flash cards. However, in 90% of the studies, generalization and
some measurement of students' comprehension of the sight words were not
consistently addressed. The authors recognize the limitations and report "sight
word research may provide strong demonstrations of teaching students to name
words, but falls short of demonstrating that students understand these words or
apply them to their daily routines" (p. 130). The lack of attention to phonics
instruction in the literature was dismissed by the authors, who suggested that,
"students probably lack phonetic analysis skills and may not be able to name
separate letters" (p. 148). This meta-analysis highlights the low expectations and
an alarming lack of knowledge of how to teach phonics and word reading to this
population.
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Using Pictures to Teach Students with CCN
In addition to sight word only approaches, students with CCN are
commonly taught to recognize words using pictures. An example can be found in
Wilkinson & Albert (2001). In this study, two students with CCN were taught to
recognize sight words through repeated trials using pictures as referents for the
words. The two subjects included an 8-year old girl diagnosed with autism and
mental retardation and a 14-year old girl diagnosed with Down's syndrome. Both
students used AAC systems. Dana, the 8-year old, used an AAC board and was
reported to have an expressive vocabulary of 50 symbols. Lynn, the 14-year old,
was just beginning to use an AAC system. Target words for the intervention
were identified for each student by their respective teams. Thirty words were
identified for Dana. The words were: ball, swing, puzzle, pasta, apple, cookie,
bus, coat, school, bike, toys, video, pizza, banana, candy, car, shoes, bubbles,
napkin, soap, gym, office, beads, spoon, marker, fork, sister, math, filing, happy.
Ten words were identified for Lynn. The words were: Joanne, Paul, Grannie,
sandwich, uncle, Janice, Gramps, drink, onion rings.
During the baseline period students were given a spoken word with three
printed word choices. Dana was able to identify three words and Lynn was able
to identify six words. Trials were also done with known picture stimuli to insure
that students could match spoken words to pictures. During the instruction phase,
students were given two known picture stimuli and one novel picture that
matched the target sight word for each trial. After a pre-determined number of
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training sessions, learning probes were administered to determine students'
abilities to match the spoken word to the new pictures, and their abilities to match
the new picture to the corresponding sight word. Maintenance checks were done
on a schedule as new words were learned. Retention checks were also done for
up to ten months after instruction ended.
Results indicated that Dana learned to identify 18 sight words. With extra
repetitions, she was able to identify four additional words. The remaining eight
words were difficult for her to learn. The authors suggested that perhaps, "Dana
simply could not learn any more words" (p. 131). Lynn learned to identify nine of
the ten target words. Interestingly, the authors suggest that this use of known
and unknown picture referents in this type of intervention may result in
comprehension of a new symbol, rather than just rote memory. They also
suggest that future research should look at functional attributes of the written
word.
This study is typical of the repeated trial format of word instruction that is
prevalent in the 48 studies included in the meta-analysis conducted by Browder
and Xin, (1998) and dominates the word identification instruction provided to
students with CCN. Contrary to the conclusions offered by Wilkinson and Albert
(2001), this type of instruction appears to offer little to no support for the
meaning, context or phonological processors. Additionally, the predominance of
object nouns and peoples' names as target words does little to support students
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with the high frequency words encountered by beginning readers and writers and
required for successful communication across contexts.
Summary
The sight word and picture supported approaches described above bear
little resemblance to the word reading processes that are taught through very
different types of instruction to students without disabilities. It appears that the
primary focus of the intervention studies reviewed was to develop only the
orthographic processor not the phonological, meaning or context processors. In
reading instruction for children without disabilities, it is understood that sight word
reading or the ability to read whole words with automaticity and accuracy is the
end result of successful word instruction that begins with phonics instruction that
targets the phonological processor (Ehri, 2005). Although reading instruction that
involves sight word and/or picture supported word identification is most common
in research and practice for students with CCN, there have been a few studies
that suggest that approaches grounded in general education literacy instruction
are successful when applied to students with CCN.
Using General Education Instructional Approaches with Students with CCN
Gipe, Duffy and Richards (1993) were among the first to report a case
study employing reading instruction based in general education practices,
resulting in successful gains by an individual with CCN. Gipe et al (1993)
described the story of Arthur, a 33-year old male with CCN. Arthur approached a
local university with the request to be taught how to read and write; Arthur had
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never been to school. The authors described his progress over a 2% year
period during which he received a total of 180 hours of instruction from
undergraduate student tutors. The authors used informal reading inventories to
monitor his progress over the 21/2 year period. At the beginning, Arthur
demonstrated listening comprehension abilities at the primer level with the ability
to read 4 sight words. His instruction consisted of: being read to, experiences to
build background knowledge, phonics instruction, reading independently and
opportunities to write. The phonics instruction consisted of a keyword approach
in which he was taught a hand gesture for the sound represented in the keyword.
The program was said to teach the transfer of keyword elements to other words,
although this component was not described in depth. After 21/2 years of
instruction, Arthur demonstrated listening comprehension level abilities at the
college level, with the ability to identify words at the second grade level. At the
end of the intervention period, the authors reported that he continued to have the
most needs in the area of word identification, but he had made 2 full years of
growth even in his area of relative weakness. Clearly, the comprehensive
reading instructional program that included hand gestures to represent key
phonological elements in words was successful for Arthur.
Additional case studies continue to surface in the field of AAC,
demonstrating that students with CCN can learn to read and write given
instruction based in that which students without disabilities receive. Blischak
(1995) describes the language and literacy experiences of Thomas, a 9 year old
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with significant speech, physical and vision disabilities. The author chronicles the
student's life beginning at age 31/2 years when he was introduced to AAC. From
this early time, Thomas was provided with various adaptations to support his
engagement in typical emergent literacy activities, as well as, expressive
communication opportunities. As Thomas entered elementary school, he began
in a self-contained classroom, working on letter names and sounds, spelling, and
language experience writing and reading activities. In second grade, a significant
change was made as he continued to be exposed to conventional reading and
writing activities in a general education "whole language" classroom. As a result,
Thomas regularly engaged in letter/sound and rhyming activities, sight word
activities, peer shared reading and writing using his AAC system. By third grade,
Thomas was successfully included in a regular education classroom in his home
school. The author concludes that Thomas' success as a conventional reader
and writer were due to high expectations, early language and literacy
experiences, a strong emphasis on writing, and access to expressive
communication. This case study serves to add to the evidence that it is possible
for students with CCN to be taught to read and write when given access to
instruction based in general education.
Summary
From the range of approaches described in the previous sections for
students with CCN, it is clear that the goals of reading instruction and what it
consists of can mean many different things to different people. The field of AAC
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is in the early stages of understanding and translating word instruction for
students with CCN. The limited evidence that does exist suggests that moving
beyond sight word instruction and instead using word instruction based in general
education practices is a viable alternative for teaching students with CCN. Much
more work is needed to develop an improved understanding of phonics and
spelling instruction for students with CCN and the ways in which it can be made
accessible to this population. Thus, an understanding of general education
research based practices is needed, highlighting important implications upon
which to ground the current intervention.
Word Instruction for Students without Disabilities
It has been well documented that learning to decode unfamiliar words is
an essential instructional component for developing readers (Adams, 1990;
Cunningham & Cunningham, 2002; NICHD, 2000; Snow, Burns, & Griffith, 1998).
Not surprisingly, the role of phonics and how to best provide this instruction
received prominent attention in the National Reading Panel Report (NRP)
(NICHD, 2000), and subsequently in the No Child Left Behind Act (NCLB, 2001).
Phonics describes instruction that teaches specific letter-sound correspondences
and processes for using those correspondences to read unfamiliar words. An
important contributor to phonics is phonological awareness. It has been
documented that students' sound awareness progresses from larger units to
smaller units (Yopp, 2000). Phonological awareness consists of students'
awareness of any size of sound unit within spoken words, such as rhymes and
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syllables. Phonological awareness also includes the awareness of individual
units of sounds within language. The ability to hear and segment the sounds in
oral language—known as phonemic awareness- is critical when students are
learning phonics that targets letters and spelling patterns with their sound.
Various approaches to phonics instruction continue to be a focus of
debate in the education system. NRP findings revealed that phonics instruction
was more effective than no phonics instruction in promoting reading
achievement. However, when considering specific approaches to phonics
instruction, such as the decoding by analogy and phoneme-by-phoneme
approaches described in the next sections, one approach was not found to be
superior to another.
Decoding by Analogy
Decoding by analogy is an approach to phonics instruction in which
beginning readers are taught to use a known word or parts of a known word to
decode unknown words (Cunningham & Cunningham, 2002; Lovett, Lacerenza &
Borden, 2000). Decoding by analogy relies upon the use of common spelling
patterns (orthography) that occur across words. Early word reading through this
approach often occurs through the knowledge and segmentation of the "onset,"
(everything prior to the first vowel in a syllable) and the "rime," (the common
spelling pattern that is comprised of everything from the first vowel through the
end of the syllable, e.g. at, et, ike, uck). Readers learn to take their knowledge of
rimes and "analogize" them to unfamiliar words (Gaskins, Downer, Anderson, &
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Cunningham, 1988; Goswami 1993; Lovett et al, 1994). Thus, when beginning
readers encounter an unknown word such as, "flat," they can use a known word
such as "cat," to assist them in decoding it. Such a method requires that
beginning readers visually compare and contrast the known word with the new
word. This allows them to identify the common rime, "at," while substituting the
onset. For beginning readers, this is reported to be an approach that can often
be learned with minimal instruction (Goswami & Bryant, 1990). With this
approach, beginning readers do not need to have understanding of all graphemephoneme correspondences, and instead can use their knowledge of larger units,
allowing them to achieve success quickly (Goswami, 1999).
A commonly cited benefit to decoding by analogy is related to its
accessible phonological underpinnings (Goswami & Mead, 1992). It is clear that
phonological awareness, the ability to hear and manipulate sounds in oral
language, plays an important role in learning to read (Ball & Blachman, 1991;
Blachman, Ball, Black, & Tangel, 1994; Bradley & Bryant, 1983). It is generally
agreed that there are different levels of phonological awareness with awareness
of larger units of sounds such as words and syllables developing earlier than
knowledge of individual phonemes, the smallest units of sound in spoken and
written words. Beginning readers tend to have a far better awareness of rhyming
(Maclean, Bryant, & Bradley, 1987) than they do of individual phonemes
(Liberman, Shankweiler, Fischer, & Carter, 1974). Thus, it is easier for a student
to hear that "cat" rhymes with "flat," than it is to segment and blend the individual
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phonemes in "flat:" /f/, /I/, /a/, /t/. Most beginning readers enter school with wellestablished phonological knowledge of onset and rimes. Because these units
are so easily available in oral language, it has been hypothesized that analogic
phonics facilitates students' abilities to map their phonological knowledge onto
orthographic units (Goswami, 1993; Peterson & Haines, 1992; Wise, Olson, &
Treiman, 1990). Thus, it has been suggested that beginning reading does not
develop through a series of phases (Ehri, 1992) or stages (Frith, 1985), but rather
through the use of existing understandings of onsets and rimes.
In addition to its phonological consistency, the use of rimes or common
spelling patterns to teach early reading supports the development of orthographic
knowledge. Wylie and Durrell (1970) identified the 37 most frequently occurring
rimes in printed English (see Table 5). As students learn these rimes or spelling
patterns within the context of real words, they can be used to read hundreds of
other words through analogy. For beginning readers who typically possess weak
orthographic knowledge, this visual consistency offers a mechanism for
improving word identification skills.
Table 5. Wylie & Durrell's 37 Most Frequently Occurring Rimes
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The use of the onset and rime to decode by analogy is reported to have
other advantages for the early or struggling reader. The difference in
phonological demands may allow students to spend more energy on reading for
meaning (Moseley & Poole, 2001). Since the rime is phonologically processed
as a single unit, the working memory demands may be lower in comparison to
phoneme-by-phoneme analysis (Goswami & Bryant, 1990; Snowling, 1996). The
focus on rhyme and developing orthographic analogies has been found to
contribute to students' understandings of individual phonemes (Goswami, 1999;
O'Shaughnessy & Swanson, 2000). More importantly, using a decoding by
analogy method is considered a strategy that can be transferred and used to
read unfamiliar words (Lovett, 1994). Such a strategy requires deliberate and
intentional use and is considered to be a metacognitive strategy (Greaney,
Tunmer & Chapman, 1997; Goswami, 1999; Moseley & Poole, 2001; Stahl,
1998). In selecting a decoding approach for students with CCN, it is critical to
distinguish these key points in the research.
Decoding bv Analogy: Tapping into Students' Awareness of Rime Units.
As described earlier, research studies have reported that decoding by analogy
approaches require little prior knowledge and instruction allowing students to be
successful quickly. When considering phonics instruction for struggling early
readers with CCN who have little prior experience, such a claim has tremendous
potential and requires further discussion. Peterson and Haines (1992) found that
kindergarteners with no training were able to read words by analogy. They also
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found that awareness of rime units was stronger than awareness of individual
phonemes, and that onset-rime segmentation contributed to phoneme
segmentation. The authors investigated the effects of orthographic analogy
instruction on 47 kindergarteners' abilities to analogize, segment and develop
letter-sound knowledge. The authors were especially interested in beginning
readers' abilities to analogize before they had received extensive reading
instruction.
Students were assigned to experimental and control groups. Students in
the control group remained in their kindergarten classroom for instruction.
Students in the experimental group received seven 15-minute training sessions
over a period of one month. Over the seven sessions, 10 rime units (e.g., ad, all,
ace, og, ing, ake, ook, et, ump, ick) were taught within the context of real words
(e.g., dad, ball, face, dog, ring, cake, book, pet, jump, kick). A word was created
using individual letters (e.g., b-a-l-l). It was read to the student and the student
was asked to repeat the word. The adult segmented the word into its respective
onset and rime units (e.g., /b/-/all/). The student was then asked to say the rime
(e.g., /all/) and the word that was made with the addition of the onset (e.g., ball).
A second word with the same rime was introduced (e.g. fall) and placed below
the first word. The adult read the new word and called attention to the different
onset (e.g., ft/) and the common rime (e.g., /all/) in both words. Students were
asked to repeat the rime. The onsets were removed and their positions in the
two words were swapped (e.g., fall, ball). The adults read the new resulting
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words. The students were then asked to swap the onsets themselves and name
the resulting words. During each session, this procedure was done with three
pairs of rhyming words.
Throughout the study, tests were used to monitor students' abilities to:
(1) segment words into phonemes and sentences into words; (2) identify lettersound associations; and (3) read words using analogy. Results indicated that
even prior to training, some beginning readers could read words by analogy.
However, after the intervention, a range of abilities was observed between
students who demonstrated high, middle and low ability on the segmentation
task, with low segmenters reading the fewest words. During the training, gains in
segmentation were most significant for students who were low segmenters.
Highly significant gains were made by low segmenters in their ability to segment
onset-rime words; smaller, but significant gains were observed on their lettersound knowledge and their ability to segment words in sentences and segment
words into sounds. While all groups made gains in letter-sound knowledge,
middle segmenters made highly significant gains in their letter-sound knowledge.
On measures of word recognition by analogy, gains were most significant for the
high and middle segmenters. Overall, the authors suggest a progression of
abilities across the groups related to students' abilities to segment and read with
analogy. The low segmenters made the greatest gains in segmenting onset-rime
words. The middle and high segmenters already had this ability and
demonstrated an increase in their segmentation ability along with an increase in
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individual letter-sound correspondences. These findings provide further evidence
that students' awareness of rimes is present before more sophisticated individual
letter-sound knowledge develops. Results also suggest that the act of
segmenting onset-rime patterns supports students in developing individual lettersound correspondences. Thus, for the current intervention, decoding by analogy
capitalizes on simpler skills that students are more likely to be familiar with: their
knowledge of rhyme. Additionally, the notion that the use of onset-rime patterns
supports students' understanding of individual letter sounds may be critical for
students with CCN.
Decoding by Analogy: Teaching a Meta-cognitive Strategy. When
decoding by analogy, students are required to use a meta-cognitive strategy of
taking a known word or parts of a known word and applying it to an unknown
word. The current intervention was intended to support students in becoming
strategic, deliberate and thoughtful readers who could use analogy to read
unfamiliar words that share spelling patterns or rimes with known words.
Greaney, Tunmer and Chapman (1997) found that the use of decoding by
analogy instruction was more effective than whole word instruction, with decoding
by analogy supporting greater skill generalization. They compared the effects of
rime based analogy instruction and whole word and context clue instruction
across 36 students who fell in the lower 1-2% of beginning readers but did not
receive special education support. Students were randomly assigned to two
intervention groups, rime analogy and whole word reading, and a third group of
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20 students without disabilities was matched based on performance on measures
of word reading ability served as a control group.
Rime analogy training consisted of working on three pairs of target nouns
over a three to four day cycle with each pair containing a rime unit identified by
Wylie and Durrell (1970). On Day 1, students were asked to read the six words
without corrective feedback. They were then given three groups of words; each
group of words contained a rime that corresponded to the previously introduced
word pairs. Students were asked to spell the common rimes of these words in an
egg-shaped space and to then read the rime. On Day 2, students were asked to
review the rimes they had written the day before and then circle these rimes in
the six target words. They were then asked to read the target words. Feedback
was provided on using the rimes written in the eggs to read the target words. On
Day 3, students were again asked to read the six target words without support or
the use of the students' previously written rimes. After reading the words,
feedback was provided by bringing out the students' written rimes and comparing
them to the target words.
Whole word training involved learning the same words. On Day 1, after
students read the six target words, they were presented with three groups of
words to spell. While these were the same words used in the rime intervention,
they were not in groups organized by rime. On Day 2, students were asked to
read the six target words in the context of a sentence. A "Pause, Prompt and
Praise," method was used to give students feedback (Smith & Elley, 1994).
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When making errors, students were cued to read the whole sentence or to
analyze the letters within the target word. On Day 3, students were asked to
read the target words in isolation without support or materials. After doing so,
feedback was provided.
The intervention consisted of 30-minute sessions, three to four times a
week for an 11-week period. The students were already receiving reading
assistance through a Reading Recovery type of program. Thus, intervention
instruction was provided by the students' teachers and was incorporated into the
first 5 minutes of reading assistance time. At the end of each session, new
reading material was always introduced and students were encouraged to use
what they had learned during the rime analogy or the whole-word lessons. For
both types of intervention, during each session, the number of target words read
correctly was recorded.
Results demonstrated that students receiving the rime instruction
performed significantly better than those receiving whole word instruction during
training sessions. Post-tests revealed that students in the rime condition made
significant gains with clear evidence of generalization of instruction. Additionally,
post-test scores suggest that significant gains were made on the rime
identification task and the pseudo-word reading task, suggesting that rime
instruction increased students' knowledge of orthographic units, as well as lettersound correspondences. Although improvements were observed for the students
receiving rime instruction, they continued to perform below students without
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disabilities in the control group who did not receive either of the two interventions.
However, one year follow-up testing showed that students who received the rime
instruction continued to outperform those receiving the whole word instruction.
The authors suggest that the use of rime instruction was clearly more effective
than whole word instruction. The skills learned during rime instruction were
generalized and maintained. It appears that teaching students to decode by
analogy facilitates the use of a strategy that can be generalized to identify new
words. Findings from this study provide evidence that decoding by analogy
instruction is more effective than whole word instruction, but, on its own, is not
sufficient to help struggling readers catch up to their peers.
While the use of decoding by analogy has tremendous strengths, many
researchers believe that in order for students to profit from such instruction, they
must firstbe taught individual letter sounds (Adams, 1990; Chard & Osborne,
1999; Ehri, 2005; Stahl, 2001). Other concerns related to using decoding by
analogy exist. Decoding by analogy has often been associated with a whole
language approach (Wanzek & Haager, 2003). As such, it has been criticized for
its lack of explicit instruction. While it is possible to teach any phonics approach
in a manner that is not explicit, it is possible for instruction in decoding by
analogy to be taught in an explicit manner. However, the most common,
commercially available, explicit, systematic approaches to phonics employ a
phoneme-by-phoneme rather than a phonics by analogy approach. As such,
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they are the most widely recognized. A discussion of phoneme-by-phoneme
approaches is included below.
Phonics Instruction Utilizing a Phoneme-by-Phoneme Approach
Phoneme-by-phoneme approaches are intended to teach readers to
segment and blend individual letter-sound correspondences. Such letter-sound
knowledge is believed to be a prerequisite for successful decoding (Adams,
1990; Ehri, 2003; Kameenui, Simmons, Chard, & Dickson, 1997). Traditionally,
these approaches are known as "synthetic" approaches to phonics. There are
many commercially available programs that employ synthetic phonics, including
those that follow a Direct Instruction approach (e.g., Corrective Reading and
Reading Mastery both published by SRA McGraw Hill). Direct Instruction is a
behavioral approach to reading instruction. Within the field of special education,
the terms, synthetic phonics and Direct Instruction are often used synonymously.
It is important to note that the current intervention includes phoneme-byphoneme approaches to phonics, but they are spelling-based approaches rather
than "synthetic" approaches and are different from Direct Instruction approach
described above. Thus, to avoid any confusion between Direct Instruction and
synthetic phonics, the phonics approach in the intervention studied in the
investigation is referred to as a "phoneme-by-phoneme" approach.
Using phoneme-by-phoneme approaches, beginning readers learn to
orally segment and blend the letter sounds together to read words. Repeated
opportunities to learn the letter-sound correspondences support beginners in
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reading words with greater speed and ease (Chard, Simmons, & Kameenui,
1995). In systematic, sequential instruction, the introduction of letter-sound
relations occurs in a sequential manner, beginning with consonants that appear
with the greatest frequency (Chard & Osborne, 1999). As beginning readers
achieve success in orally blending and segmenting words, they can be
encouraged to do this "in their head" (Chard, Simmons, & Kameenui, 1995).
Once readers gain proficiency in learning phoneme-by-phoneme decoding,
additional strategies can be taught such as learning to blend and segment onsets
with rimes and learning to use them to decode other words by analogy (Bruck &
Treiman, 1992; Chard & Osborne, 1999; Ehri, 2005; Ehri & Robbins, 1992;
Vandervelden & Siegel, 1995).
Phonological Skill Development and Generalization to Word Reading
Phoneme-by-phoneme approaches focus on individual letter sounds and
typically include a phonological awareness component. As such, large student
gains in phonological skills are frequently made. However, other skills may not
reach the same level of achievement. Rashotte, MacPhee, and Torgesen (2001)
found that the use of a program with a strong phonemic component produced
short-term improvements in word reading, comprehension and phonological
awareness. Two months after the intervention, gains remained in phonological
awareness, however, were not maintained in all areas of word reading. Rashotte
and colleagues (2001) investigated the effects of the Spell Read program with
115 students with below average word reading skills. Students were spread
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across first through sixth grade, ranging from 6.1 to 12.8 years of age. Identified
students were matched for word reading level and were randomly assigned to
one of two treatment groups. The authors report using a modified version of a
multiple baseline across subjects in which Group 2 served as the control group,
remaining in their classroom to receive instruction. Group 1 received the Spell
Read instruction for 8 weeks. When Group 1 completed the intervention, posttests were administered to Group 1 and Group 2. Following this, Group 2
received the Spell Read intervention, while Group 1 returned to control condition.
Upon completion, groups were post-tested again.
The Spell Read P.A.T. (Phonological Auditory Training) program is based
on the belief that in order to read and spell, students must master certain
phonological skills, such as the sound awareness of individual letters-phonemic
awareness. The program consists of 140 structured lessons, comprised of a
phonemic awareness component, a reading component and a spelling
component. A 30-minute phonemic component included a variety of activities
with sound cards used to build, blend and segment different syllables. For
example, the teacher says the word, "shoo" and then helps students build the
word using the sound cards /sh/ and loot. Using sound cards, students are then
given practice to blend single consonant sounds with a variety of vowel sounds
(e.g., blending /m/with tool, /oy/, and leel). For building and blending activities,
students pronounce each individual sound in the word and then pronounce the
word in full. Students also use sound cards to segment a learned syllable into its
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individual sounds. For example, when the teacher says "shoo," students point to
the space between /sh/ and loot and then say the word. A 15-minute shared
reading time followed, during which students practiced using their new skills to
take turns reading aloud. If students had difficulty reading a word, they were
cued with the sound, and if needed, the word. Discussion of reading was
encouraged to support comprehension. The session ended with a 5-minute free
writing time when students wrote about what they had read in an effort to support
comprehension. This intervention occurred during regularly scheduled language
arts classroom time, in a separate classroom, in groups of three to five students
from the same grade level for 50-minute daily sessions.
Students were tested in the areas of phonological awareness, word
reading accuracy, letter-word identification, word fluency, comprehension, and
spelling. Group 1, receiving treatment for the first 8 weeks, demonstrated a
range of small to large effect sizes in all areas exceptior a word efficiency
measure of fluency. The authors proposed that post-testing after Group 2
received the intervention suggest that similar reading gains were made as Group
1. Two months after the intervention was discontinued, testing revealed that
significant gains in phonological awareness, and half of the word reading and
comprehension measures remained. Post-tests also indicated that there was not
significant growth in students' abilities to read words fluently and automatically.
Despite the difficulties with skill maintenance, the authors suggest that the Spell
Read program offers an effective means of delivering phonologically based
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instruction; however, the heavy emphasis on sounding out individual phonemes
may have contributed to the lack of word reading fluency.
Using the Direct Instruction Method with Students with CCN
A phonologically based program similar to that which is described above
was implemented with students with CCN (Fallon, Light, McNaughton, Drager, &
Hammer, 2004). Although programs that utilize a Direct Instruction, phoneme-byphoneme approach are commonly used in special education with students with
high incidence disabilities, they present multiple challenges for students with
CCN. Fallon and colleagues (2004) used a Direct Instruction approach to teach
five students with CCN to read single words in isolation during repeated trials.
Their findings highlight the common challenges with this method of instruction for
students with CCN. Students learned to read the single words in isolation.
However, they demonstrated limited ability to generalize these skills to reading
novel words, and none of the students was able to generalize to reading the
target words in a book.
Fallon and colleagues (2004) employed a multiple probes across subjects
design to study the effects of direct word instruction for five students with CCN.
Subjects were between the ages of 9 and 14 years and each used an AAC
system. A phoneme-by-phoneme phonics approach (Carnine et al, 1997) was
adapted and used to examine students' abilities to: (1) decode target words, (2)
generalize learned letter sounds in target words to novel words, (3) generalize to
reading target words within book reading. The dependent variables measured
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were the number of vowel consonant (VC) and consonant vowel consonant
(CVC) (e.g., VC words: in, up; CVC words: bat, men, tap) words read correctly
during intervention tasks and generalization tasks. Maintenance probes were
done two weeks, one month and two months after treatment.
Instructional sessions consisted of three main activities: matching single
sounds to initial sounds in words (e.g., /m/to man, /p/to pan), blending sounds
into words (e.g., /m/-/a/-/n/ to man), and reading VC and CVC words (e.g., in, up,
bat, men, tap). Each activity focused on five words, resulting in a total of 15
words per session. During the sound matching and blending tasks, the instructor
presented four pictures and named them. The instructor said a single or
segmented phoneme(s) and the student was asked to identify the corresponding
picture. For word reading tasks, the instructor modeled reading the word while
sounding it out letter-by-letter and pointing to each corresponding letter. The
student practiced this by selecting the picture that matched the word repeated by
the instructor. Students were asked to do this again in a trial format where they
independently pointed to each of the letters in the word and then selected the
corresponding picture. Word lists were set up with increasing difficulty. Students
were required to read a list of five words with 80% accuracy in order to progress
to the next list. After students reached criterion with reading target words,
generalization probes were used to assess students' abilities to read novel words
and to read target words in the context of a book. Similar methods were used for
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students to make a response through pointing to a picture that represented the
word being assessed.
Results indicated that all students were able to reach criterion in reading
35-45 target words over 10-34 sessions. The students maintained these skills
throughout the maintenance periods. Regarding the generalization tasks, only
one student reached criterion in reading novel words. None of the students were
able to read the target words in the context of a book.
The results of the study have several implications for the current
investigation. One limitation identified by the authors was the lack of attention to
vocabulary—vocabulary component is a key feature in the intervention studied in
the investigation. Although each student in the Fallon et al. (2004) study had an
AAC system, the systems were not used during the instruction - devices are
integral to the intervention studied in the investigation. Another limitation was the
intensity of the instruction. The intervention may have been more useful had it
been provided every day rather than a few times a week—instruction was
provided daily in the current investigation.
A set of studies has examined the effects of the Nonverbal Reading
Approach (NRA) on teaching single word reading skills to students who are nonverbal (Coleman-Martin, Heller, Cihak, & Irvine, 2005; Heller, Frederick, Tumlin,
& Brineman, 2002; and Heller, Frederick, & Diggs, 1999). Based on a Direct
Instruction format, NRA teaches decoding using a phoneme-by-phoneme
orientation. Key elements include students' use of internal speech to verbalize
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phonemes, verbal diagnostic abstractor arrays to determine students' decoding
abilities and error analysis of students' choices to determine sounds to target.
Instructional sessions include a guided practice component followed by an
evaluation component.
NRA instruction consists of guided practice with target words using the
following procedure: (1) the teacher presents the written word, says the word,
and encourages the student to say the word (2) the teacher points and says each
letter while encouraging the student to actively participate by sounding out the
word with her via noises and vocalizations, (3) the teacher covers the word and
reveals only the first letter, saying the letter sound aloud while encouraging
students to sit quietly and use their inner voice to say the sound, (4) the teacher
completes the above step for each individual letter, (5) the teacher presents the
full word, points to each letter while blending the sounds together and asks the
student to do the same, without stopping between sounds, (6) the teacher
presents the full word and asks the student to say it in his/her head fast, and (7)
additional instruction may be provided to compare target word sounds with other
words.
Evaluation trials follow the guided practice to determine students' abilities
to decode the words taught. The target word is presented visually and students
are guided through the same steps used in instruction to decode the word, only
with no sound feedback provided. Students are given four verbal choices from
which to select the target word. It is important to note that printed words are not
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offered as the authors suggest that doing so may offer visual cues.. The verbal
array includes distractor words that are phonologically similar. For example, if
the target word is "dog," the student might be presented with "dig," "dot," "log,"
and "dog." Student errors are then used to determine further instructional
sessions. If the student selects "dig," further sessions will focus on practice that
distinguishes /i/from lol.
Heller, Frederick, Tumlin and Brineman (2002) conducted a multiple
baseline across subjects design to assess the effectiveness of NRA on three
students with CCN. Participants were between the ages of 9-23 years, and each
used an electronic AAC system. Their word identification skills ranged from
grade levels 1.5 to 2.25. One student demonstrated generalization to five
untaught words with no additional instruction, and with extra instruction, two
students demonstrated limited generalization to the untaught five words.
The design employed by Heller and colleagues included four phases:
baseline, NRA intervention, test for generalization, and extra NRA intervention.
During the baseline phase, intervention words were identified for each student by
testing students' abilities to read words being taught as part of their typical
classroom instruction. Ten words read with 40% accuracy or less were selected
as target words for each student. The resulting words were grouped into five
pairs with the first word of the pair used for the intervention and the second used
to determine generalization.
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The intervention phase followed the guided practice and evaluation
procedures using NRA. During each session, target words were presented twice.
Instruction with other non-target words was also included so that participants
were exposed to more than five words. When participants read the five target
words with 80% or more accuracy over three consecutive sessions, they
proceeded to the generalization phase. The generalization phase consisted of
one test probe using the five generalization words that had been matched to the
intervention words. Students who scored lower than 80% on these words were
moved back to a second phase of intervention (NRA2) for further instruction on
the generalization words. During this phase, the five generalization words and
other non-target words were taught using the same NRA procedures used in the
first intervention phase. Instruction continued until students were able to read all
of the generalization words with 80% or greater accuracy over three consecutive
sessions, or with 100% accuracy in one session.
All students were able to reach criterion with intervention words. One
participant reached criterion with the target words in three intervention sessions
and was able to proceed to the generalization phase, also reaching criterion with
the generalization words. Although the authors state that generalization occurred
for all of the participants, this claim is questionable for the other two participants.
They were able to reach criterion with the intervention words, but were not able to
demonstrate generalization with the words identified as generalization words until
they received additional instruction.
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Coleman-Martin, Heller, Cihak and Irvine (2005) studied the use of NRA
instruction delivered on the computer. A multiple-conditions design with dropdown baselines was used to assess the effects of NRA instruction in three
conditions: (1) teacher only instruction, (2) teacher instruction and computer
instruction, and (3) computer only instruction. Three baselines were used, with
one preceding each condition.
During the first baseline phase, intervention words were identified for each
student. Students' word reading abilities were tested using their classroom
words. Fifteen words read with 33% accuracy or less were selected as target
words. The resulting words were grouped into three sets of five, with one set
used for instruction per condition. During the second and third baseline,
evaluation trials were done with the second and third sets of words to determine
if participants had learned to read words that had not been taught.
The first intervention phase targeted five words through teacher only
instruction. Instruction was provided using NRA guided practice with each target
word practiced three times. After a short break, participants were assessed on
mastery of the target words using the evaluation procedure described earlier.
Instructional sessions continued until participants were able to read the words
with 80% or more accuracy over two consecutive sessions. This was followed by
a second baseline during which participants were assessed on their ability to
read untaught words.
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During the second intervention phase, teacher instruction was provided for
each target word for one trial. This was followed by NRA instruction presented
on the computer using PowerPoint software. PowerPoint software was used to
create a slide presentation that contained the same instruction that the teacher
provided, however with two guided practice trials for each target word.
Participants were asked to watch the presentation and follow along. After the
presentation, the evaluation procedure was used as per the previous condition.
Instruction continued until participants were able to reach a criterion of 80% or
more accuracy over two consecutive sessions. This was followed by a third
baseline that assessed participants' abilities to read untaught words.
The final intervention phase consisted of computer only instruction using
the PowerPoint presentations with each target word presented three times. After
participants viewed the presentation, the evaluation trials were completed. As
with previous phases, participants were required to reach criterion.
All participants were able to reach criterion in reading the target
intervention words during each of the conditions. The researchers suggest that
generalization appears to have occurred for one participant who was able to read
three untaught words during baseline two. However, the other two participants
demonstrated little or no generalization during baselines two and three.
Collectively, the NRA studies offer important points to inform the current
study. The NRA instruction was designed to focus on isolated phonological skills
with some attention to orthographic skills, and no attention to meaning or context.
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In contrast, the current intervention addresses all four of the processors
described by Adams' model along with their interconnections. Although the
researchers claim that NRA addresses the phonological processor (i.e.,
decoding), the repeated trials with the same set of words may do more to support
the orthographic processor (i.e., sight words) than the phonological processor.
During the intervention investigated in the current research study, decoding skills
are taught across a large range of words, many of which are unfamiliar, and a
variety of instructional strategies are employed to insure that the instruction
builds all four of the processors. Opportunities for repetition are offered, but with
a variety of words. Although each participant in the NRA studies had an AAC
system, its integration was not addressed. Additionally, NRA does not address
spelling. The current intervention integrates AAC system use, one component of
which is spelling using the system's keyboard.
Truxler and O'Keefe (2007) investigated the effects of letter sound
knowledge and phonological awareness training on word recognition and spelling
with four students with CCN. Using a Direct Instruction approach, letter sound
correspondence and phoneme awareness were taught followed by instruction to
apply skills to reading and spelling syllables and words after students achieved
mastery with the letter sound and phonemic awareness skills. Three participants
demonstrated small changes in learning letter name and sound skills, but, due to
their difficulties with reaching criterion, actual reading and spelling instruction was
limited, making generalization impossible. The fourth participant made
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improvements in letter sound knowledge, sound awareness, word recognition
and spelling, however with poor generalization. Similar to the findings of Fallon
et al, 2004, the problems of Direct Instruction with students with CCN are
apparent.
Truxler and O'Keefe (2007) employed a multiple baseline across subjects
design to conduct two experiments across a 7-month period with four students
with CCN. The participants were between the ages of 8 and 9 years of age with
the diagnoses of cerebral palsy and cognitive delays. Three of the participants
used paper based communication systems. Experiment one examined
participants' abilities to learn six letter names and their sounds (i.e., T, D, N, S, A,
I) in the onset of spoken words. Experiment two focused on participants' abilities
to apply these skills to read and spell eight VC syllables (i.e., AD, AN, AS, AT, ID,
IN, IS, IT) and 14 CVC words (i.e., SAT, NAT, TAN, NAN, DAN, DAD, SAD, SIN,
TIN, SIS, SIT, NIT, SID, DID). The dependent variable for experiment one was
the change in participants' abilities to identify six letter names and sounds, and
for experiment two, the changes in participants' abilities to read syllables and
words. For both experiments, a researcher-based tool was used to measure the
dependent variables (DV) across the baseline, intervention and a post
intervention maintenance period on day seven and day ten. Separate
generalization probes were administered once during each period. In addition to
the DV and generalization probes, seven pre-post test measures were used to
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assess the effects of the intervention. Intervention instruction occurred on a daily
basis for 30-minute sessions.
During experiment one, target skills were taught in the context of
storybook reading. Separate storybook reading series were selected for each
participant, such as, Frog and Toad, (Lobel, 1979), and Amelia Bedelia, (Parrish,
1976). After the researcher read the story to the participant, they were presented
with 10 comprehension questions. Subsequent re-readings focused on letter
sounds and sound awareness in the onset of spoken words presented in the
story. One target sound was taught during one re-reading. Upon completion of
the comprehension questions, the researcher held up a card with the target letter,
while pointing to and vocalizing the letter sound. The researcher modeled
making the letter sound in a hand held mirror and encouraged the participant to
do the same. The participant was then encouraged to touch the corresponding
letter on a cardboard keyboard while the researcher again vocalized the letter
sound. Following this, the story was read a second time with participants being
encouraged to listen for pre-selected story words that began with the target
sound.
Six pages in the storybook contained the pre-selected words. While
reading, the researcher ran his or her finger under each word. After reading each
page, the researcher pointed to a pre-selected word in the text, held up a
separate card with the written word, read it out loud, and pointed to the initial
letter. The researcher vocalized the letter sound, and asked the participant to
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locate the corresponding letter on the cardboard keyboard. The researcher again
vocalized the letter sound as the participant touched the letter on the keyboard.
Immediately following the book reading, participants were given ten
training items to assess their understanding of the one target sound in the preselected story words. The researchers presented three pictures, spoke each
picture name and asked participants to identify the picture that began with the
target letter name or sound. The names and sounds were tested separately and
were tested twice. On the training items, feedback on performance was given.
Criterion was set at 80%. If participants were unable to reach criterion on the
training items, the story re-reading procedures were completed again. If
participants reached the criterion of 80%, then a set of 24 probes were used to
measure the DV, the change in six letters and sounds. The 24-item probes
followed the same format as the training items, only included all six letters with no
feedback. Once the DV probes were completed, participants advanced to the
next storybook for instruction on the next letter and sound. As the intervention
progressed, if participant DV probe scores dropped two or more points,
supplemental letter sound and name instruction was provided. Once participants
met criterion with supplemental instruction, their skills were then measured using
the DV probes.
During experiment two, instruction began with VC syllable recognition,
(i.e., AD, AN, AS, AT). The researcher presented two letters of the syllable,
spoke each sound and then blended the sounds together while sliding the letters
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together. The researcher read the syllable and encouraged the participant to
read along. Following this, the researcher took the final consonant and replaced
it with another to make a different syllable. The above procedure was repeated
for this syllable and subsequent syllables. After completing this process,
participants were asked to read each syllable when presented with a choice of
two. Instruction proceeded to spelling the syllables. The researcher spoke each
sound in the syllable and directed the participant to point to each letter on the
cardboard keyboard. As the participant pointed to the letter, the researcher
recorded the selections and used the resulting syllable in a word within the
context of a sentence. Once these procedures were completed, the entire
process was repeated for new VC syllables.
Once instruction was completed for all eight VC syllables, ten training
items were administered to assess participants' ability to recognize the written
syllables. If participants were unable to reach a criterion of 80% or better,
syllable reading and spelling procedures were repeated. If participants were
unable to reach criterion on the training items for three consecutive days,
instruction was terminated. Participants who were able to achieve criterion of
80% or better advanced to word recognition and word spelling instruction. Word
reading and spelling instruction employed the same instruction used for syllables.
To record change, the DV was measured daily after word instruction.
Results indicated that for experiment one, only one participant was able to
reach the criterion of identifying six letter names and sounds within spoken
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words, with limited generalization observed for three participants. During
experiment two, experimental control was not established due to the lack of
intervention effects. One participant was not able to advance from syllable
instruction to word reading and spelling, and thus intervention was terminated.
Two other participants advanced to word instruction, however demonstrated no
changes over three consecutive days, and as a result the intervention was
terminated. The fourth participant reached criterion in reading and spelling
words, however, demonstrated limited generalization on three probes. Pre-post
test results showed improvements, however, not consistently, with three of the
participants showing a decrease in at least two out of the seven measures.
Implications for the present investigation can be seen in Truxler and
O'Keefe's findings. As with all of the previous studies described above, there
was no attention to participants' AAC systems, eliminating the possibility of
integrated instruction as addressed in the current study. During Truxler and
O'Keefe's study, there were few opportunities for participants to actively engage
and problem solve. Additionally, although word families/syllables were targeted
in instruction, no formal strategies for generalization were taught. The current
intervention promoted active student engagement through their independent
manipulation of letters and sounds using paper letter cards and the keyboard on
the AAC device. The current intervention also addressed generalization within
each lesson.
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These studies portray the tremendous difficulties inherent in a Direct
Instruction phonics program for students with CCN. As described earlier, Direct
Instruction approaches such as that employed by Fallon et al (2004) are often
seen as one and the same as synthetic phonics in special education. The
current intervention included a phoneme-by-phoneme approach to phonics, but
one that is markedly different than the Direct Instruction approach in the above
studies. The dependence on the use of pictures in order to read words may slow
down the development of the orthographic processor and may not foster
decoding skills. With the exception of the NRA studies, the lack of focus on
phonological recoding using inner speech may limit the development of the
phonological processor and prohibit the development of independent word
reading and spelling over time. As words are presented in isolation, there also
appears to be little support for the context processor. Most importantly, similar to
the previously described study by Rashotte et al (2001), students had significant
breakdowns with generalization.
An Alternative to Traditional Phoneme-by Phoneme Approaches: Making Words
The challenges present in the above studies require that alternative
phoneme-by-phoneme methods be considered for students with CCN. One such
approach is Making Words (Cunningham & Cunningham, 1992). Making Words
is a phoneme-by-phoneme approach that addresses blending, segmenting and
phonemic awareness (Cunningham & Cunningham, 2002). There are a handful
of studies that support the effectiveness of Making Words as a phonics
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intervention (Hedrick, Katims, & Carr, 1999; Oswald & Rasinski, 2001, Rasinski &
Oswald, 2005).
A Making Words lesson is completed with a limited letter set of six to nine
letters including at least one vowel. The lesson begins with the teacher reviewing
the individual letter names and sounds. Students are directed in combining and
recombining the letters to make different words. For example, lessons typically
begin by making one and two letter words. Students are asked to take one letter
to make the word "a" and add one letter to make the two-letter word "at." The
teacher provides assistance by segmenting and blending the sounds in the
words. Students are then asked to take away a letter from "at" and add different
one to make the word "as." Students continue through the lesson making
increasingly longer words using their pre-determined letter set. When making
each new word, students use segmentation and blending skills to determine
letters that need to be removed and/or added.
Oswald and Rasinski (2001) and Rasinski and Oswald (2005) described
studies that implemented a variation of the Making Words approach with second
graders in a regular education classroom. Oswald and Rasinski (2001)
conducted a 10-week pilot study during which this intervention was used with
nine students. The second graders included three high, three average and three
low ability readers who all received the Making Word intervention on a daily
basis. Another second grade classroom in the school was identified as a control
classroom. For word instruction, the control classroom used the district's

98

traditional basal reader approach that emphasized rule based phonics. Pre- and
post-tests were conducted to assess student skill in decoding and oral reading.
On the decoding test, results indicated that students receiving the Making Words
intervention made four times the gain in word recognition compared to students
in the control classrooms. On the oral reading test, students receiving the Making
Words intervention made three times the gain in word recognition compared to
students in the control classrooms. Average to low readers made the greatest
gains in the intervention group. Given these gains, the researchers decided to
implement this intervention with an entire classroom across a whole semester
during the following school year.
Rasinski and Oswald (2005) conducted the follow-up study with a new
classroom of second graders and an identified control classroom. Similar to the
pilot study, the intervention was implemented on a daily basis. A two-day cycle
was described. On the first day, students made words and wrote the words. On
the second day, they sorted the words they made for different structural
elements, such as initial consonants or spelling patterns. A transfer activity was
also included in which the teacher orally presented a new word containing letters
from the lesson. Students were asked to apply what they learned from the
lesson in order to write the new transfer word. This required that they segment
and blend the letter-sounds in the transfer word.
In this second study, decoding and word recognition skills were assessed.
Results indicated that students receiving the intervention made three times the
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gain on the decoding test in comparison to students in the control classroom.
Students receiving the intervention also made statistically significant gains on the
word recognition test. The authors were careful to point out that the sample size
was a limitation of the study and suggested that Making Words is a successful
instructional method that requires further investigation. These two studies
provide evidence that Making Words can be used successfully to increase
student word reading abilities. Although research of Making Words' effects is
limited, its use has been documented with students with mild to moderate
disabilities.
Hedrick, Katims and Carr (1999) implemented a comprehensive reading
intervention for students with mental retardation that included word instruction
that centered on Making Words. Students made unexpected gains in learning to
read words, as well as gains in learning to write and comprehend text. The
comprehensive reading intervention was implemented across an entire year with
nine elementary students with mental retardation in a self contained classroom.
Prior to the study, these students were involved in a functional skills curriculum
that addressed social, vocational, daily living skills and functional literacy. During
the word reading pre-tests, many students appeared not to know what to do
when they were unable to read the word automatically. In fact, all but one
student, had great difficulty reading primer words. Post-tests indicated gains for
all students with one student reading words at the 3rd grade level and another
student reading 1st grade level words. The remaining students made 5-50% gains
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in their ability to read primer words. The study suggests that students with mental
retardation can and do make progress in learning to read words using Making
Words instruction.
Summary
Phoneme-by-phoneme approaches have components that appear to be
important in learning how to read; however, there are significant considerations
that need to be weighed when selecting such components for students with CCN.
As apparent in the Fallon et al (2004) study, the use of pictures as a proxy for
decoding may not help students truly develop the orthographic and phonological
processor skills needed. Along the same lines, repeated trails with a small set of
words as employed in the studies of the NRA may not support the development
of the phonological processor. Making Words has the potential to address the
weaknesses presented by both of these approaches. Given the strengths that
both Making Words and decoding by analogy offers with respect to learning and
generalization, it is useful to consider methods that combine a phoneme-byphoneme approach with a decoding by analogy approach in beginning word
reading instruction.
Instruction that Combines Decoding by Analogy and Phoneme-bvPhoneme Approaches
The research describes both strengths and weaknesses inherent in using
only a decoding by analogy or a phoneme-by-phoneme approach. Although
most regular and special education reading programs are based on a single
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approach (Wanzek & Haager, 2003), some studies have suggested that
approaches should be combined to maximize results (Juel & Minden-Cupp, 2000;
Lovett et al, 1994; Lovett et al, 2000). Researchers have suggested that each
approach contributes a different skill (Lovett et al, 2000) with phoneme-byphoneme approaches building knowledge of letter-sound relations and decoding
by analogy offering deliberate strategies to support the transfer of decoding skills
to untaught words.
Investigating a combination of phonologically based and decoding by
analogy reading instruction, Lovett, Lacerenza, Borden, Fritjers, Steinbach and
De Palma (2000) found that students with severe reading disabilities improved
their decoding skills by at least half a standard deviation and generalized these
skills to other word reading tasks. Lovett et al. (2000) examined the combination
of phonologically based and strategy based instruction for 85 students with
severe reading disabilities. The authors were specifically interested in whether
one approach was superior to another or whether a combination of approaches
was effective. Furthermore, they were interested in determining if there was a
specific combination or sequence of instruction that was most effective.
The intervention consisted of various combinations of two instructional
programs. The first program consisted of phoneme-by-phoneme instruction. It
provided direct instruction on the smallest units of sound through phonemic
blending, segmenting and letter-sound associations within the context of words.
It also included highly structured lessons that introduced letters in a particular
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sequence with ongoing opportunities for practice and mastery in order to
advance to the next lesson. The second program focused on decoding by
analogy instruction. It focused on larger units, teaching students four metacognitive decoding strategies: compare/contrast, vowel variations, finding familiar
word chunks, and peeling off onsets from rimes (Gaskins, Downer, & Gaskins,
1986).
The students in the study were between the ages of 6 and 13 years,
performed at or under the 20th percentile on four out of five commonly used
reading assessments, and demonstrated low average intellectual functioning on
a standardized assessment.
A sequential crossover design was used to examine the effects of the two
intervention programs in different combinations including: (1) phoneme-byphoneme instruction then decoding by analogy instruction; (2) decoding by
analogy instruction then phoneme-by-phoneme instruction; (3) phoneme-byphoneme instruction X 2; (4) decoding by analogy instruction x 2; and (5)
classroom survival skills then math. Students were matched according to age
and reading ability and were randomly assigned to each one of the intervention
conditions. Each intervention condition consisted of two 35-hour instructional
programs, totaling to 70 hours for each condition.
Results demonstrated that all students in the reading conditions made
gains with the content addressed in their respective instructional conditions.
Students who received the combined instructional conditions (phoneme-by-
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phoneme instruction and decoding by analogy instruction) achieved greater gains
in learning the instructional content than students who received the single
instructional conditions (phoneme-by-phoneme instruction or decoding by
analogy instruction). In regards to transferring their knowledge to reading real
words and non-words, all students in the four reading conditions made significant
gains. However, greater gains were made by those in the combined conditions,
regardless of the order of the instructional program. Standard academic
measures revealed that students in the reading conditions made greater gains
than those in the control condition. The authors suggest that while the
combination of reading instructions proved superior, the order of the instruction
did not have a significant influence. Additionally, each instructional program
appears to contribute important skills. Phoneme-by-phoneme instruction
provided support for letter-sound correspondences and phonological analysis
while the decoding by analogy provided instruction in direct meta-cognitive
decoding strategies. These research findings lend significant support to the
combination of approaches used in the current intervention. Interestingly, one
study within the field of AAC has employed such an approach.
Using a Combination of Approaches with Students with CCN
A commonly cited case study described the successful systematic
approach to literacy instruction employed with a student with CCN who uses an
AAC system. Erickson et al (1997) described the experiences of Jordan, an 11year old boy with significant speech and physical disabilities. The longitudinal
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case study described his literacy experiences in 4th and 5th grade general
education classrooms. Jordan's literacy needs were informally identified using
an informal reading assessment that examined his abilities in word identification,
language comprehension and print processing (Cunningham, 1993). In an
atmosphere of high expectations, Jordan engaged in a variety of writing and
reading experiences, while given a means of expressively communicating with an
AAC system. He was specifically given opportunities for peer reading,
independent silent reading with books appropriate to his needs and interests,
ongoing writing using his AAC system, and spelling based phonics instruction
that supported the direct manipulation of letters and sounds without requiring
Jordan to say the sounds and words using a Making Words approach
(Cunningham & Cunningham, 1992). Instruction also included activities to
support decoding by analogy. Jordan's writing provided important information
regarding the generalization of skills and his developing his knowledge of written
language. For example, his spelling attempts on an informal developmental
spelling assessment reflected his knowledge of phonemes and his increasing
sophistication in their use. Through the increase in natural opportunities to
communicate during literacy activities, Jordan's ability to use his AAC system
dramatically improved, allowing him to move from accessing only 6 cells to 40.
Jordan made significant literacy gains. The impact of reading and writing
instruction on the Jordan's increasing ability to communicate using an AAC
system is more readily apparent in this study than from the previously described
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studies. The significant impact of reading and writing instruction upon
communication is a critical tenet upon which this intervention rests.
Summary
The combination of phonics instructional approaches addresses two
important areas of decoding: phonological analysis and skill generalization to
reading and spelling novel words. As demonstrated by the case study of Jordan,
the combination of phonics approaches has potential for use with students with
CCN. Different than the other studies done with students with CCN, the role of
writing, specifically developmental spelling, offered important insights into
Jordan's developing understandings of phonics. It is this finding reported by
Erickson et al (1997) that led to the inclusion of spelling measures in the current
investigation.
The Relationship between Reading and Spelling
The development of spelling ability is highly related to reading
development. Henderson (1980) suggested that conceptual word knowledge is a
shared process underlying a student's ability to read and spell. As word
knowledge evolves, it is reflected in the development of spelling in a predictable
manner over time (Bear & Templeton, 1998; Gentry, 1982; Henderson, 1981).
Further, the development of spelling ability is highly related to early reading ability
(Ehri, 2003) and has been found to be a good predictor of early reading
achievement (Ferroli & Shanahan, 1987; Mann, Tobin, & Wilson, 1987; Morris &
Perney, 1984). Additionally, spelling directly impacts reading as spelling provides
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an avenue of support for the development of the orthographic and phonological
processors' knowledge of individual words. This relationship between word
knowledge, spelling, and reading is important in the context of the current
investigation as the intervention targets all three in an integrated way. In the
following section, the development of spelling will be described.
An Overview of Developmental Spelling
The past three decades of spelling research have revealed a wealth of
information about the development of children's spelling. Read (1975, 1986)
began with studies of preschoolers' writings, observing that their spellings were
not simply random or unreadable. Rather, Read's work demonstrated that these
early writers' errors were logical and based upon their knowledge of speech
sounds. His findings continued to be extended through a series of studies,
documenting that spelling evolves in a developmental manner among young
children (Bear & Barone, 1989; Gentry, 1982; Henderson & Beers, 1980; Zutell,
1980). These studies focused on the analysis of students' spelling in order to
determine early writers' understandings of words. Misspelled words were viewed
as "evidence of an incomplete perspective or state of knowledge" (Henderson,
1990, p. 42).
Analyses of student spelling errors led to an understanding that the
development of word knowledge complexity is reflected in the development of
spellings through the incorporation of phonological then visual then
morphological knowledge. A variety of stage theories have been posited over the
years (Bear, 1998; Ehri, 2000; Gentry, 1982; Henderson, 1985, 1990). While
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differing slightly in emphasis, each theory is based upon evidence that both
typically developing students and students with disabilities progress through
developmental stages of spelling (Abouzoid, 1992; Allman, 2002; Ehri, 1989;
Erickson et al, 1997).
One widely recognized stage theory of developmental spelling is that of
Richard Gentry (1982; 2000). Gentry's stages have been used previously in
research with children with CCN (Erickson et al., 1997) and will be used to
assess students' spelling in the proposed investigation. It is described in detail in
the following section as an example of the applicability of stage theories to
students with CCN.
Gentry's Stages of Developmental Spelling
Gentry (1982, 2000) describes five stages of developmental spelling: (1)
pre-communicative; (2) semi-phonetic; (3) phonetic; (4) transitional, and (5)
correct/conventional. Students are considered to be in a particular stage when
50% or more of their spelling corresponds to the characteristics of that stage.
The samples displayed in Table 6 depict the spelling development of Paul as his
abilities evolve over approximately a 5-year period (Bissex, 1980).
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Table 6. Gentry's Stages of Developmental Spelling (Samples from Bissex, 1980)
Spelling Stage
Pre-communicative
Semi-phonetic
Phonetic

Transitional

Conventional

Spelling
SSHIDCA
RUDF (Are you deaf?)
BZR
(buzzer)
IFU LEV AT THRD STRET I WEL KOM TO YOR HAWS
THE ED
(If you live at Third Street I will come to your house The
End.)
FAKTARE'S CAN NO LONGER OFORD MAKING PLAY
DOW
(Factories can no longer afford making play dough.)
ANYTHING IN PARTICULAR THAT YOU WANT THIS
CHRISTMAS?

Pre-communicative spelling is characterized by the word like forms that
emergent writers and readers create when stringing together letters and
sometimes letters. These spellers have some knowledge of the alphabet and
write random letters, including a mix of upper and lower case letters, as well as
occasional numbers. Students at a pre-communicative stage have no sense that
letters are used to represent sounds (See Table 6). During writing, they may not
demonstrate an understanding of the left-to-right principle.
Semi-phonetic spelling is characterized by an emerging understanding
that letters can be used to represent sounds in words (see Table 6). Semiphonetic spelling is frequently abbreviated in nature with one or more letters used
to represent a word. Students in this stage may use a letter name strategy: when
a letter name is present in the pronunciation of the word, they represent the word
with that particular letter (e.g., are: R; you: U). During writing, there may be

evidence of the left-to-right principle and more complete knowledge of the
alphabet. Vowels may begin to appear, though still inconsistently.
As students continue to increase their understandings of letter-sound
relationships, they become phonetic spellers. These students' visual knowledge
of words is limited and as a result, they rely upon their phonological knowledge of
words to spell. Words may not be spelled correctly, however, all of the sounds
will be represented (see Table 6). Phonetic spelling includes more consistent
use of vowels. With more complete knowledge of the alphabetic system,
phonetic spellers may begin to realize that there is more than one way to spell a
word (Bissex, 1980).
Students develop into transitional spellers as they become aware of
orthographic conventions—how words are supposed to "look." During this stage,
students transition from being "sound" spellers to using visual strategies that
evolve from their increasing understanding of the rules of English orthography
(see Table 6). This transition is greatly facilitated by reading and spelling
classroom instruction. Students' spelling may include vowel representation in
every syllable, use of the silent e, vowel digraphs, common letter sequences,
chunks and patterns. Transitional spellers are able to distinguish different ways
of spelling parts of words that sound the same. They may demonstrate the
correct spelling for common endings such as s, 's, and ing. Although transitional
spellers use more visual strategies to spell, they may reverse the order of some
of the letters. Their ability to look at the spelling and decide if it "looks right" is not
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yet refined. However, in their writing, transitional spellers are able to spell many
known words correctly.
In the correct or conventional spelling stage, students demonstrate a solid
understanding of the rules of orthography (see Table 6). They are able to spell
prefixes, suffixes, compound words, as well as words that use silent consonants.
They can spell words with doubled consonants and have the ability to
discriminate homonyms. Although conventional spellers can spell multiple
morphological forms, they slowly refine their ability to spell irregular patterns. It is
important to note that conventional spellers continue to make errors, but have
enough knowledge to recognize when a word is not spelled correctly.
Through the description of Gentry's stages, it should be apparent that
students' spelling development is related to shifts in cognitive understandings of
phonological and orthographic aspects of words. Thus, the achievements made
as students develop as spellers do not occur from copying and memorizing
words (Read & Hodges, 1982). Despite this memorizing and copying words
continues to dominate spelling instruction for many students while developmental
spelling is misunderstood, unsupported, and discouraged.
The Disconnect between Reading Instruction and Spelling Instruction
Throughout the spelling literature, researchers advocate for meaningful
instruction that integrates reading and spelling (Bear & Templeton, 1998; Gentry,
2000; Henderson, 1990; Invernizzi & Hayes, 2004). Despite the documented
relationship between reading and spelling (Bear, 1982; Morris & Perney, 1984;
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Zutell & Rasinski, 1989), they are frequently treated separately during instruction
(Zutell, 1992). Spelling "instruction" often occurs without reference to students'
word knowledge and developmental spelling abilities. Such "instruction" has
commonly consisted of rote memorization of spelling words, supporting proficient
spelling test performance, however, doing little to provide insight into the spelling
system. Additionally, spelling instruction often focuses on low frequency
vocabulary rather than high utility words that can benefit reading and writing
(Henderson, 1981) and communication for students who use AAC. Further,
developmental spelling may not be encouraged due to educators' concern that
allowing students to spell incorrectly will lead to bad habits or otherwise hurt
students (Gentry, 2001). It is important to note that the facilitation of
developmental spelling and instruction aimed at correct spelling are not mutually
exclusive; the two can be integrated and addressed through comprehensive word
study instruction (Cunningham, 2005; Invernizzi & Hayes, 2004).
Benefits of Developmental Spelling
The practice of encouraging students to spell developmentally by using
the sounds they hear in words facilitates important reading skills (Cataldo & Ellis,
1988; Ehri & Wilce, 1987; Morris & Perney, 1984) and is clearly supported by the
research (NAEYC & IRA, 1998; Snow et al, 1998). Student engagement in
developmental spelling requires the segmentation of sounds in words, thus, it
supports phonemic awareness (Adams, Treiman, & Pressley, 1998; Henderson,
1990; Richgels, 2001; Treiman, 1993) and phonics skills (Adams, 1990;
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Chomsky, 1971; Clarke, 1988; Richgels, 1987). In fact, "inventive spelling and
decoding are mirror-like processes that make use of the same store of
phonological knowledge" (Cunningham & Cunningham, 1992, p. 106).
Developmental spelling offers an ideal vehicle for literacy assessment that
drives instruction (Gentry, 1985, 2000; Invemizzi & Hayes, 2004). Just as
reading miscues provide information about oral reading ability, analysis of
developmental spelling miscues or errors can provide educators with a direct
connection to students' understandings about the written word (Gentry, 1982).
Specifically, it has been used as a measure of phonemic awareness (Gentry,
2000; Mann, Tobin & Wilson, 1987), of students' knowledge of phonics,
especially regular phonics patterns (Cunningham & Cunningham, 1992; Gentry,
2000), and of overall reading outcomes (NICHD, 2000).
Evidence to Support the Relationship between Reading and Spelling
Research evidence confirms that the relationship between reading and
spelling is significant. Morris and Perney (1984) found a significant correlation
between first graders' beginning of year developmental spelling and their end of
year reading achievement scores. In their investigation, the researchers
hypothesized that developmental spelling could be used to predict later reading
achievement. The study involved 75 first graders from four different classrooms.
All classrooms used the Houghton Mifflin reading program. The students were
assessed in September, January and May using a developmental spelling
inventory. In May, they were also given two word identification tests. Results
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showed a significant relationship between students' beginning and middle of the
year developmental spellings with their end of the year abilities on the word
reading tests.
The authors suggested underlying student factors that contributed to this
relationship, specifically phonemic and orthographic awareness. While it is
widely agreed that phonemic awareness is a strong predictor of reading
(Liberman & Shankweiler, 1979), it is also clear that developmental spelling is
related to phonemic awareness (Gentry, 2000; Mann, Tobin, & Wilson, 1987). As
students recognize and segment phonemes in order to spell words, they are
developing their phonemic awareness. Thus, Morris and Perney (1984) suggest
that, "developmental spelling appears to be a good measure of the phoneme
awareness" (p. 452) of beginning readers.
The authors also state that developmental spelling can reflect students'
orthographic awareness, (e.g., letter sequences, common spelling patterns).
Students in the semi-phonetic or phonetic stages may spell phonetically because
they have limited or incomplete orthographic awareness. As would be expected,
students' spellings from the beginning of the year contained a high number of
phonetic spellings. January developmental spelling samples revealed that many
students progressed to transitional spelling, indicating that their orthographic
knowledge was increasing. This link between spelling and reading is central to
the investigation described here.
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Evidence to Support the Relationship between Phonics and Spelling
It has been suggested that developmental spelling facilitates and is
reflective of phonics development. Clarke (1988) found that students who were
encouraged to write using the sounds they heard in words resulted in superior
decoding skills in comparison to students who engaged in traditional spelling with
an emphasis on strict accuracy. In this study, Clarke (1988) examined the effects
of instruction that emphasized traditional versus development spelling on first
graders' reading, writing and spelling achievement over a five-month period. A
total of four first grade classrooms participated with two using a developmental
spelling approach and two using a traditional spelling approach. All four
classrooms used the same basal reading program that included phoneme-byphoneme phonics instruction, and engaged in writing for a total of 80-100
minutes per week. During writing, teachers encouraged students in the
developmental spelling condition to spell words based on the sounds that they
heard. In classrooms using traditional spelling, students were encouraged to
spell words correctly with support from dictionaries, texts, and teacher-supplied
written words.
A range of pre- and post-tests assessed alphabetic knowledge and a
variety of related reading and spelling skills. In addition, classroom observations
identified writing instructional time that was devoted to the following: childcentered activities, teacher-centered activities, writing and other activities.
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Finally, monthly writing samples were analyzed for participants in both
conditions.
Observations of the classrooms reflected qualitative differences during
writing time. Specifically, in comparison to the traditional spellers, students
encouraged to do developmental spelling wrote longer, tended to re-read their
writing, independently problem solved the spelling of individual words, and spent
markedly less time copying and waiting for help.
Writing samples produced by students in the developmental spelling group
were longer and contained a greater variety of words, which might be considered
at the 1 st grade level and above, but had fewer words spelled correctly. There
were no significant differences between high achievers in the two groups on the
pretest and posttest measures. In contrast, low achievers in the developmental
spelling group performed significantly better than the low achievers in the
traditional spelling classrooms on most of the pretest and posttest assessments,
including decoding tasks. As all classrooms received the same phonics
instruction throughout the study, the author suggests that the developmental
spellers' repeated opportunities to segment words phonetically resulted in their
superior performance on spelling and phonics abilities. This study provides
evidence that the use of developmental spelling may foster students' phonics
skills.
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Summary
The spelling literature has repeatedly called for instruction that integrates
spelling instruction in reading and writing, yet the relationship between the two
has not always been fully embraced in the classroom. The consistent call for
integrated instruction provides support for the integrated spelling and word
identification intervention to be investigated in the current study. Specifically, the
phoneme-by-phoneme program that is an important component of the phonics
portion of this intervention is an essential link between reading and spelling as it
is a "guided invented spelling instructional strategy" that supports the
development of phonemic awareness and phonics. (Cunningham & Cunningham,
1992, p. 107).
The Power of Spelling for Students with CCN
Written language plays a vital role in communication for students with
CCN because it represents the one way that they can truly communicate
anything they desire. Without the ability to spell words, students with CCN are
restricted by the vocabulary that has been programmed on their AAC systems.
An AAC system cannot possibly contain every single word an individual may
want to say, thus, the successful use of the alphabet is the ultimate
communication tool. The ability to spell and communicate freely is thus critical in
supporting individuals with CCN in their educational, social, and vocational
endeavors (McNaughton & Tawney, 1993).
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The benefits of spelling increase as students make gains in their spelling
abilities. Being able to represent even the first letter of a word at a semi-phonetic
stage of spelling ability supports communication more than no spelling ability at
all (Beukelman & Mirenda, 2005). By the time individuals with CCN become
phonetic spellers, they can successfully use spelling support tools such as word
prediction to accurately spell many of the words they wish to communicate.
While it is clear that there are direct benefits of spelling at each stage of
development for individuals with CCN, few students with CCN are provided with
systematic opportunities to engage in developmental spelling with access to the
entire alphabet. In addition to the important role spelling plays in communication
for individuals with CCN, it also plays an important diagnostic role in guiding their
word identification instruction. Given these students' inability to read orally,
developmental spelling can provide vital information about their developing
phonics skills.
The Realities of Spelling Instruction for Students with CCN
As described earlier, word instruction for students with CCN is often
unsystematic and lacks guidance from theory or research (Fallon et al, 2004).
Although understanding the spelling system can have a dramatic impact on an
individual's ability to communicate, the state of spelling instruction is not much
different than that of reading instruction. When it does occur, for students with
CCN, spelling is taught in an isolated, rote fashion in a manner where students
appear to be learning skills, but the relevance and integration of these skills to
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the bigger picture of reading is not clear. McNaughton and Tawney (1993)
compared the use of two traditional spelling methods to teach adults with CCN to
spell. Results indicated that adults learned to spell words in both methods with a
slight advantage using a method that required word comparison. McNaughton
and Tawney (1993) employed an alternating treatment design to examine the
Copy-Write-Compare method (CWC) and the Student-Directed Cueing method
(SDC) with two adults with cerebral palsy who used AAC systems. Under the
CWC condition, a 7-step process was used as: (1) The student was shown a
word and it was spoken twice, (2) The student was asked to copy the word two
times, (3) The model was then removed and the student was asked to write the
word again, (4) When finished, they were shown a correctly spelled model and
asked to indicate if their spelling was correct, and (5) Steps 1-3 were repeated.
Under the SDC condition, a 7-step process was used as follows: (1) The student
was asked to write a word, (2) Once the student finished, the teacher wrote the
student's word directly below a correctly spelled version, (3) The student was
asked to look at both words and to identify what letters are different. These
differences were marked on the correct word and the teacher directed the
student to remember those components, (4) The student was shown the word
and asked to copy it two times. The student was then asked to point to the parts
of the word that was different from the original misspelling, and (5) Steps 1-3
were repeated.
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For both methods, if students' spellings were correct after steps 1 -5, they
moved on to the next word. If the spelling was incorrect, the procedures were
repeated.
The first subject, Linda, was a 26 year old who used a Touch Talker AAC
system directly, via her hand. On a test of receptive vocabulary, Linda scored an
age equivalent of 5:9 years. Linda was able to identify letters that represented
consonant sounds, but had difficulty identifying vowels. On a standardized
assessment of spelling, Linda was able to spell 2 words out of 8 from the 1 s l
grade list.
The second subject, Wendy, was a 22 year old who used a Light Talker
AAC system with a head pointer. Wendy scored an age equivalent of 11:10
years on the test of receptive vocabulary knowledge. She was able to identify
letters that represented all consonant and vowel sounds. On the standardized
spelling assessment, Wendy was able to spell simple but not complex words
from the 2nd grade list.
Spelling vocabulary to be targeted during the study was obtained through
questionnaires completed by caregivers and subjects. Examples of target words
for Linda included: Marlene, Leslie, flipper, Lassie, wheelchair, tomatoes, and
yellow. Examples of target words for Wendy included: Chinese, Chaykosky,
battery, diamond, Pennsylvania, tomorrow, Bellanti, shirt, little and Schimmel.
Baseline data was gathered on the subjects' abilities to spell these words.
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Words were randomly assigned to 3 lists of 8 words. Each list was randomly
assigned to one of the 3 conditions: (1) CWC, (2) SDC and (3) no treatment.
The intervention was provided 4 days a week for 60-minute sessions.
Probes were completed at the end of each session to assess the effectiveness of
each method. Three words were drawn at random and students spelled them
using one method. Maintenance was assessed using three post-tests, given on
the first day that the subject reached criterion with the last word, 2 weeks out and
4 weeks out.
Results indicated that using both methods, the subjects learned to spell
new words. Linda learned to spell 14 words (7 in each method) and Wendy
learned to spell 16 words (8 in each method). The acquisition rate for the two
methods differed only slightly. However, words spelled in the SDC method were
retained at a higher rate across all 3 post-tests. The subjects also preferred the
SDC method. The authors hypothesize that one explanation for this could be the
close inspection subjects gave to comparing their spelling errors with the
correctly spelled words. Although time was spent teaching them how to spell
specific words, little was done to teach these adults skills about the larger
spelling system that would enable them to spell novel words that were not
included in the study. Additionally, the authors suggested that instruction and
generalization might have improved with the use of spelling patterns or word
families-something that the current investigation includes.
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Other studies in the field of AAC have focused on the effects of auditory
and visual feedback on student spelling. In an effort to understand such
feedback effects for students with CCN, two separate studies were conducted.
First, Schlosser, Blischak, Belfiore, Bartley, and Barnett (1998) compared
different methods of feedback during spelling instruction that entailed copying; it
was concluded that speech feedback on an AAC system was most effective
during instruction. Schlosser et al. (1998) examined the effects of speech and
orthographic feedback on spelling acquisition for a 10-year old boy with autism
and CCN. Spelling instruction was examined with an AAC system that typically
provides visual and auditory feedback using an alternating treatments design. In
all of the conditions, the spelling word appeared visually on the AAC device
and/or was spoken by the AAC device. The device feedback was altered and
presented in three different treatment conditions: (1) visual and auditory
feedback, (2) visual feedback only, and (3) auditory feedback only. Twelve
words were identified that the student could not spell, but could comprehend.
The words were assigned to three different groups of 4. Each group of 4 words
was assigned to a specific treatment condition.
During training sessions, a copy-cover-compare method was used to
teach the spelling words. An index card with the printed word was shown to the
student, followed with pronunciation of the word, letter spelling and then the
whole word. The student was instructed to spell that word twice. After 40
seconds, the index card was taken away and the student was instructed to spell

122

the word again. The student was given 20 seconds to spell the word without a
model. After that, the index card was presented again and the student was
asked to compare his spelling to that on the index card. The student was asked
to indicate whether his spelling was correct or not. If spelling was incorrect, the
student was told it was incorrect and asked to "fix it." Trials continued until
student reached criterion at which point the set was discontinued. Results
suggested that the feedback provided in each condition was helpful to the
student spelling the word. However, conditions that provided speech feedback
were the most effective. The authors suggest that synthetic speech may help
early spellers establish letter-sound relationships. The authors recognize that a
limitation of the study was the lack of examination of generalization of the 12
study words to novel words. This study again demonstrates that students with
CCN can learn the immediate behavior of spelling. There is no evidence,
however, that these approaches teach students a spelling skill that can be
generalized to other words for the purposes of communication.
A replication of the above study was done with a group of four participants
with the label of autism (Blischak & Schlosser, 2003) and included the addition of
probes consisting of novel, untaught words to examine generalization from the
target words. All four subjects reached criterion and learned how to spell words
in each of the feedback conditions. Results of the replication differed from the
original study as the most efficient feedback was visual feedback alone, followed
by auditory and visual feedback, and then speech feedback. These findings

123

contradict the 1998 study in which speech was found to be the most efficient, but
suggest that different modes of feedback benefit different students. The authors
acknowledge that the studies "focused on spelling as a component of literacy
without serving a communicative function" (Blischak & Schlosser, 2003, p. 301),
and conclude that research is needed which looks at the use of spelling for
communicative purposes, while exploring the role of speech feedback, and the
efficacy of instructional programs that combine technology and spelling. The
present investigation was designed to address the need defined by Blischak and
Schlosser (2003) and study the effect of an intervention that teaches spelling for
communicative purposes within an intervention that carefully integrates
instructional feedback across each lesson.
Summary
As described in previous sections, students with CCN typically receive
reading, spelling and communication instruction that is unsystematic and
fragmented. Spelling, in particular, is often perceived as "simply learning the
correct sequence of letters in a word," (Bear & Templeton, 1998, p. 239),
separate from communicative purposes. Despite the fact that the literature has
repeatedly stated that, "students' brains are not cameras" (Bear & Templeton,
1998, p. 222), students with CCN are constantly asked to take "mental pictures,"
throughout their instruction. They are taught to spell by memorizing and copying
words (McNaughton & Tawney, 1993; Schlosser et al, 1998). They are asked to
read by memorizing sight words (Browder & Xin, 1998). They are asked to
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memorize symbols for communication. Information is desperately needed to
improve understandings of the effect of systematic instructional programs that
integrate reading, communication and spelling instruction for this population of
students with CCN.
Selecting an Instructional Approach for Students with CCN
Summary of the Rationale
Given the dramatic and varied needs evident throughout the literature
regarding word instruction for students with CCN, the intervention to be described
is multi-faceted and grounded in a well-developed and widely accepted model of
word reading (Adams, 1990) that has been previously applied to children with
CCN (Erickson et al, 1997). The multiple facets of the instruction serve to
improve our understanding of different approaches to addressing each of the
processors in Adams' model.
Six findings described earlier served as the basis for the current word
instruction intervention. First, studies have found that students with CCN can
benefit from instruction that is grounded in reading instruction used with students
without disabilities (Blischak, 1995; Gipe, 1993). Second, a meta-analysis of
phonics instruction clearly shows that instruction that is systematic and explicit in
nature is superior to non-systematic or sight word based approaches (NICHD,
2000). Third, as many studies have illustrated difficulties with skill generalization,
the current intervention addresses the issue of transfer. Fourth, phonics
approaches which employ differing systematic phonics approaches demonstrate
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that a single approach is not more effective than another (NICHD, 2000). Fifth,
instruction that combines two phonics instructional approaches (i.e. decoding by
analogy and phoneme-by-phoneme) yields greater gains than using just one
approach (Lovett et al, 2000). Finally, it is clear from the literature that reading
and spelling instruction should be integrated. Thus, grounded in practices used
with students without disabilities, the current intervention provided systematic and
explicit phonics instruction, in a manner that supported the processors described
in Adams' (1990) model, while teaching strategies that supported transfer and
generalization: all through a combination of decoding by analogy and phonemeby-phoneme approaches to phonics combined with spelling.
The Intervention
The instruction provided in Literacy through Unity addresses
communication, reading and spelling. Specifically, the intervention integrated
instruction designed to support expressive communication using Unitywtih word
identification and letter-by-letter spelling as described below.
The first component of the systematic word study and expressive
communication instructional program is called Making Words with icons. The
Making Words with Icons lessons teach the underlying system and rules that
govern how icon sequences are used in Unity to generate words for expressive
communication. Erickson (1996) hypothesized that learning to use such icon
sequences requires the same conceptual understanding as learning to decode
words through a phonics by analogy approach. Learning to decode and spell
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requires an understanding of the systematic manner in which letters are
combined and recombined to make words; readers apply what they have learned
about letters and letter combinations to decode and encode new words. In
Making Words with Icons lessons, learners are taught about the systematic
manner in which icons are combined and recombined to make words for
communication through Unity. Learners are taught the underlying logic of
specific icon sequences and are taught to use that knowledge to help them
encode other sequences to generate words for expressive communication.
During these lessons, the strong focus on icon meanings within the context of
sentences supports the meaning and context processors described in Adams'
model.
The Making Words with Icons lessons have four parts: Naming Icons,
Making Words with Icons, Icon Word Sort, and Transfer. During Naming Icons,
the icons are simply named. During the Making Words with Icons component,
learners use an array of 5-7 icons printed on cards that match the icons that
appear in Unity. Learners are directed to combine and re-combine these paperbased icons to create words. During this directed instruction, the goal is to make
minimal changes to an existing icon sequence in order to generate a new word or
phrase. For example, the learner might be directed to add one icon, change one
icon, or rearrange the existing icons. During the Icon Sort, learners sort the
words they have made for common icon elements. During the transfer
component learners use their AAC system and transfer what they have learned
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to make new words using Unity on their AAC system. See Appendix A for an
example of a Making Words with Icons Lesson. There are 25 Making Words with
Icons lessons for each version of the instructional program: Literacy Through
Unity 45, Literacy through Unity 84, and Literacy through Unity 128. Across the
three versions, the structure of the Making Words with icons lessons is identical;
however there are slight content differences due to the different number of
available icons in each version of Unity.
Per current recommended practice (NICHD, 2000), the word identification
and spelling components of Literacy through Unity consist of explicit, structured
and systematically organized lessons. The word identification and spelling
instruction is delivered through two instructional approaches: (1) Word Wall
Lessons, and (2) Making Words with Letters Lessons. There are 25 lessons in
each of the lesson types, yielding a total of 50 word identification lessons in the
intervention. The underlying principles in the word identification lessons are
reflective of instructional approaches described by Cunningham (1992, 2001).
Making Words with Letters lessons provide systematic and explicit instruction,
closely follow the format used in Systematic Sequential Phonics They Use
(Cunningham, 2001). The instructional language embedded in the lesson and
the examples that are used to illustrate the meanings of the words taught are
specifically designed to teach the language-based rationale for the icon
sequences employed in the Unity augmentative and alternative communication
system and are taught specifically in the Making Words with Icons portion of the
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instruction (See Appendix B for an example of a Word Wall lesson and Appendix
C for a Making Words with Letters lesson). To support integration and
generalization, the majority of the words taught in these lessons, are also taught
in the Making Words with Icons lessons. During both of these lesson types, the
emphasis on reading and spelling words provides opportunities for development
of all of the processors discussed in Adams' model. Specifically, the emphasis
and exposure to the words serves to strengthen the orthographic processor.
Multiple opportunities for students to "say the words in their head," supports
phonological processor development as well as the working memory demands
involved in employing the meaning and context processors. As words are
presented, their consistent use in sentences facilitates the development of the
meaning and context processors. It is important that the four processors are
supported in each of these lesson types in order to equally foster interactions
between the processors.
Making Words with Letters Lessons teach participants a spelling based
approach to phonics. Specifically, these lessons are based on a phoneme-byphoneme approach combined with a decoding by analogy approach
(Cunningham, 2001). These lessons have 4 parts: Naming Letters and Sounds,
Making Words with Letters, Word Sort, and Transfer. During Naming Letters and
Sounds, the lessons' letters and sounds are simply reviewed. During the Making
words component of the lesson, participants use a limited array of 5-7 paper
based letters to spell different words. During the Word Sort, participants sort
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through paper based words they have just made for common elements. During
the Transfer, students use the keyboard on their AAC system to apply a skill
taught during the lesson to a new word.
Word Wall Lessons specifically target participants' orthographic
knowledge of high frequency words that they will learn to expressively
communicate and spell. The lessons also develop the phonological processor
through the phonics by analogy activities that are included in the Word Wall
lesson sequence. Across the lessons, learners are introduced to printed words
that are literally displayed on a wall of words in the room. Learners are taught to
read, spell and communicate with those words. They are also taught to use word
wall words to read, spell, and communicate other words. Collectively, the
integrated nature of the three lesson types support learners in using Unity on
their AAC system to read, spell and communicate words through icon sequences
and letter-by-letter spelling.
Summary
The discussion in this chapter portrays the gap between the instruction
that typical students receive and that which students with CCN receive. Current
research suggests that this gap can be closed, with instruction for students with
CCN grounded in the principles of instruction used for students without
disabilities (Blischak, 1995; Erickson et al, 1997; Erickson et al, 2005; Gipe et al,
1993). This essential grounding in principles of instruction for students without
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disabilities underlies the instruction in Literacy through Unity, the intervention
studied in the current investigation.
The Literacy through Unity program also reflects the findings from the
literature in AAC regarding communication, reading and spelling intervention.
For example, Literacy through Unity employs facilitator modeling of a wide range
of vocabulary, spelling, and reading behaviors. In summary, students with CCN
often receive communication, reading and spelling instruction with each area
containing different content, offered in isolation of the other. The current
intervention will examine what is possible for students with CCN when
communication and literacy instruction are systematically integrated.
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CHAPTER 3
RESEARCH METHODS
Purpose of the Study
The purpose of this study was to investigate the implementation of a
systematic communication, decoding and spelling intervention program, Literacy
through Unity: Word Study, with three students with complex communication
needs (CCN). Specifically, the intervention integrates instruction designed to
support expressive communication using Unity, with word identification and letterby-letter spelling. The study examined the effects of systematic instruction on
participants' use of their AAC systems to communicate using icon sequences and
letter-by-letter spelling.
Research Questions and Hypotheses
The research questions driving the study addressed multiple areas of
students' developing skills, such as their word identification and developmental
spelling skills, as well as their ability to use icons and letters to generate
utterances. The specific questions and hypotheses were: Given integrated
instruction, are there changes in participants' reading, spelling and
communication abilities?

132

Question 1. Are there pretest-posttest differences in the word identification skills
of participants?
Hypothesis 1: There will be an improvement in participants' word
identification skills.
Question 2. Are there pretest-posttest differences in the developmental spelling
skills of participants?
Hypothesis 2: There will be an improvement in participants' developmental
spelling skills.
Question 3. Is there a change over time in the number of icon sequences that
students generate?
b.

During the intervention lessons?

c.

Outside of the intervention on each day that at least one lesson is
completed?

d.

Immediately following the completion of the intervention

e.

During a follow-up, maintenance period

Hypothesis 3a: During the intervention lessons, there will be an increase in
the number of icon sequences used by the participants in comparison to
baseline frequencies.
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Hypothesis 3b: Outside of the intervention lessons, there will be an
increase in the number of icon sequences used by the participants in
comparison to baseline frequencies.
Hypothesis 3c: During the 1 -week period following the completion of the
intervention lessons, there will be an increase in the number of icon
sequences used by the participants in comparison to baseline and
intervention frequencies.
Hypothesis 3d: During the 5-week period following the completion of the
intervention, there will be an increase in the number of icon sequences
used by the participants in comparison to baseline, intervention, and 1week post frequencies.
Question 3 focuses on the number of icon sequences generated by the
participants rather than the number of words generated with icons because an
individual sequence can result in 1-3 words.
Question 4. When comparing the use of the AAC device across the baseline
period, 1-week post period, and 5-week post period, is there an increase
in the number of icon sequences taught in the intervention?
Hypothesis 4: During the 1-week and 5-week post periods, there will be
an increase in the frequency of icon sequences taught in the intervention
in comparison to the baseline period.
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Question 4 uses a raw frequency of intervention icon use rather than
percentage of icon sequences because the use of percentages did not provide
an accurate picture of participants' use of icon sequences. For example, on one
day Participant 1 used 10 icon sequences, five of them were intervention icon
sequences, resulting in a daily intervention sequence percentage of 50%. On
another day, Participant 1 used 20 icon sequences, with 10 of them being
intervention sequences, again resulting in a daily percentage of 50%. While the
number of actual frequencies was different, the percentage remained the same.
Additionally, participants often repeatedly used the same intervention icon
sequence resulting in the appearance of increased daily use. Thus, the use of
simple frequencies allows for more detailed data that provided a more complete
picture of the intervention icon sequences used by the participants.
Question 5. Is there a change over time in the number of letters that students
generate?
a.

During the intervention lessons?

b.

Outside of the intervention on each day that at least one lesson is
completed?

c.

Immediately following the completion of the intervention?

d.

During a follow-up, maintenance period?
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Hypothesis 5a: During intervention lessons, there will be an increase in the
number of letters that participants generate in comparison to baseline
frequencies..
Hypothesis 5b: Outside of the intervention lessons, there will be an
increase in the number of letters that participants generate in comparison
to baseline frequencies.
Hypothesis 5c: During the 1-week period following the completion of the
intervention lessons, there will be an increase in the number of letters
participants generate in comparison to baseline and intervention
frequencies.
Hypothesis 5d: During the 5-week period following completion of the
intervention, there will be an increase in the number of letters participants
generate in comparison to baseline, intervention and 1 -week post
frequencies.
Question 6. Outside of the intervention, on each day that at least one lesson is
completed, is there a change in the number of correctly spelled words?
Hypothesis 6: Outside of the intervention lessons, participants will
correctly spell an increasing number of words.
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Student Participant Selection
Stage 1 Screening Overview
Potential participants completed a screening to insure that they possessed
the fundamental language and literacy skills to benefit from the instruction
delivered in Literacy through Unity. The Stage 1 screening consisted of the
following tasks administered in order as listed: (1) an icon selection task, (2) a
letter identification task, (3) a concepts about print task (Clay, 1993) using the
Stones book (Clay, 1979), and 4) the Peabody Picture Vocabulary Test III
(PPVT-III, Dunn & Dunn, 1997). In order to proceed to Stage 2 screening,
student participants had to be able to select individual icon sequences or known
messages at a rate of 2 per minute, identify a total of at least 37 upper and lower
case letters from an array of 6, and demonstrate a positive score on at least 11 of
the 24 items on a concepts about print assessment. Participants also had to
score an age-equivalent of 5.0 year or higher on the PPVT-III. Each of the tasks
used in the Stage 1 screening are described in more detail below. See
Appendices D-F for Stage 1 recording forms.
Stage 1 Icon Selection Screening Task. The icon-selection screening task
specifically designed for this study was used to determine potential participants'
speed in selecting icon sequences to generate known messages. The purpose
of this task was to insure that students could physically use their device; reliable
physical use of the device was required in order for students to complete
intervention lessons in a reasonable amount of time on a daily basis. Without the
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student participant present, the researcher asked parent and/or educator
participants to identify 6 to 10 frequently used, known messages on the AAC
system. The researcher then asked the student participant direct questions in
order to elicit these known messages using icon sequences. Additional
messages not identified by parents/educators were also accepted as long as they
were generated with icon sequences. In order to continue on in the screening
process, participants had to select two messages per minute, a rate at the low
end of the average communication rate for individuals with CCN (Beukelman &
Mirenda, 2005).
Stage 1 Letter Identification Task. Potential participants were screened for
their knowledge of upper and lower case letters. Each participant was presented
with six letter cards and asked to identify a target letter by pointing to and moving
the letter. (Letter cards was 3" x 5" with letters printed in 72 point, Comic Sans
font.) For each group of six letters presented, the participant was asked to
identify four. After a participant made four selections, the researcher took away
the group and replaced it with a new group to continue the process. Upper and
lower case letters were presented separately. The researcher recorded
participant selections. In order to continue on in the Stage 1 screening process,
participants had to correctly identify at least a total of 37 letters correctly.
Continuation criteria were established using Clay's Letter Identification data
(1993). Clay reported a range of performance scores of 5 to 7-year olds across 9
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groups of children. The middle range of performance was identified with raw
scores of 27-47, the median of this range was used to set continuation criteria.
Stage 1 Concepts About Print Screening Task. The Concepts About Print
task as described by Clay (1993) was administered to participants. This short
book reading activity required participants to demonstrate progressively higherlevel knowledge about print across a 24-item assessment. In order to continue
on in the screening process, participants had to receive a positive score on
eleven or more items. Clay's original assessment was adapted slightly for four
items that originally required students to give a verbal explanation of certain
punctuation marks. In these cases, multiple-choice answers were offered.
Continuation criteria for the current study were established using Clay's Concepts
About Print data (2005). The raw score of 11 was selected for criteria, as her
data suggests that the first 11 questions appear to be concepts that children
acquire by age 5-0 to 5-6.
Stage 1 Peabodv Picture Vocabulary Test III. The researcher administered
the PPVT-III (Dunn & Dunn, 1997). The PPVT-III is a measure of single word
receptive vocabulary, with norms for persons from 2 to 90 years of age. Per
standard administration procedures, participants were presented with 4 line
drawings and a target word; they were then asked to select the drawing that best
represented the target word. In order to be eligible for study participation,
participants had to reach a 5.0-year age equivalent or higher. In order to yield
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more complete descriptive participant data, testing was continued until a ceiling
score was reached.
Participant Recruitment and Stage 1 Screening
Participant recruitment took place from June to September 2006. In order
to eliminate confounding variables that school instruction would have contributed,
the study was originally intended to occur during the summer months. Given the
difficulties with recruitment, this was not feasible. Over this 4-month period,
interested parents, assistive technology consultants, speech and language
pathologists, occupational therapists and vendors contacted the researcher
resulting in 27 possible student participants. The researcher reviewed selection
criteria (i.e., participant age, device use, communication rate, PPVT score, and
facilitator availability), with all respondents via emails and phone contacts. Seven
student participants met all criteria and were eligible for the Stage 1 screening
process. The screening tasks were administered to the pool of seven potential
participants over one to two visits each.
Three of the seven participants were excluded based on Stage 1
performance. Two did not have the required physical skills to complete the Stage
1 tasks. A third student with a hearing impairment was screened, however, his
hearing abilities were more limited than anticipated and he required extensive
sign language to respond to the tasks.
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Stage 2 Screening Overview
The four potential participants who completed all Stage 1 screening tasks
continued on to the Stage 2 screening tasks. The researcher administered all of
the tasks. Stage 2 screening performance criteria were established to further
insure the identification of appropriate student participants. Since the intervention
addressed communication, spelling and word identification, participants were
given five screening tasks across these areas to insure that they didn't have skills
that exceeded those that were addressed in the intervention. Participants were
excluded from the study if they exceeded the criteria established for two or more
Stage 2 tasks. As described in Table 7, Stage 2 screening tasks included: (1)
Word Recognition Task, (2) Icon Sequencing Task, (3) Expressive
Communication Task, (4) Word Generation Task, and (5) Developmental Spelling
Task. See Appendices G-K for Stage 2 recording forms.
The fourth participant was excluded from the study based on her
performance on the Stage 2 tasks as her performance exceeded the criteria. In
other words, this fourth student had reading, writing, and language skills that
were beyond those addressed in Literacy through Unity: Word Study.
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Table 7. Overview of Areas Addressed in Stage 2 Screening Tasks

Screening Tasks
Word Recognition
Task
Icon Sequencing
Task
Expressive
Communication
Task
Word Generation
Task
Developmental
Spelling Task

Word
Identification
X

Areas Screened
Expressive
Letter-by
Communication Letter Spelling

Phonics

X
X
X

Stage 2 Word Recognition Task. To insure that students did not know too
many of the words directly taught in Literacy through Unity to benefit from the
intervention, a word recognition task was included in the screening. The task
consisted of the words taught during the Word Wall lessons: can, not, will, on I,
at, mine, is, be, want, it, play, and, she, what, in, make, have, do, like, eat, drink,
are, we, more. Participants were asked to identify the target word from an array
of four words. Three distracter words were selected based on orthographic and
phonological similarity as well as word frequency following a process developed
by Erickson, Clendon, Cunningham, Spadorcia, Koppenhaver, Sturm, and Yoder
(2008). For example, the target word "not," was presented with the words, "nest,"
"hot," and "nut." The word recognition assessment was created using Power
Point. The four words were displayed in 72 point, Comic Sans font, and located in
each corner of the screen. The target word appeared randomly in each of the
four corners. The researcher recorded the word and quadrant selected. The
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exclusion criteria determined for this task was successful identification of 13 or
more of the 25 words. Based on clinical experience, participants were deemed
ineligible for the study if they achieved a score of 13 or higher, along with high
performance in one other Stage 2 screening task.
Stage 2 Icon Sequencing Task. As with the word recognition task, to
insure that potential participants didn't already know too many icon sequences to
benefit from the intervention, participants' abilities in this area were screened. An
icon-sequencing task that included one word from each of the Making Words with
Icons lessons was constructed. A total of 25 words were randomly selected.
The task consisted of 25 direct probes; the researcher asked the participant:
"Can you use the icon sequence to say the word

?" The exclusion criteria

determined for this task was the successful generation of icon sequences for 13
or more of the intervention words. Based on clinical experience, students were
not eligible for the study if they achieved a score of 13 or higher, along with high
performance in one other Stage 2 screening task.
Stage 2 Expressive Communication Task. There are no formal measures
of expressive communication that are standardized for use with individuals who
use AAC. Therefore, an informal screening of expressive skills using the AAC
device was developed. To complete the task, each participant was optimally
positioned for device use and asked to use only icon sequences to generate as
many words as they could in ten minutes. In order to provide clarification of the
task, the researcher demonstrated an example of words made with icon
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sequences, as well as words generated from the activity row and activity specific
pages. The researcher recorded all participant attempts, including words
generated with one icon, unsuccessful attempts with icons resulting in no words,
letter-by-letter spelling and utterances generated from the activity row and activity
specific pages. The exclusion criteria determined for this task was the generation
of 120 or more words using icon sequences. Students were not eligible for the
study if they were able to generate 120 or more single words or utterances using
icon sequences, along with high performance in one other Stage 2 screening
task. In determining exclusion criteria, it should be noted that there is very little
research on communication rate using AAC systems. Without enhancements for
speed, it has been estimated that individuals using AAC systems typically
generate up to 15 words per minute (Foulds, 1980). Often, rates are less
resulting in two to eight words per minute (Beukelman & Mirenda, 2005). A
higher rate of 12 words per minute was selected as students were using icon
sequencing, a rate enhancement technique, to generate whole words.
Stage 2 Word Generation Task. Participants' knowledge of words
generated through letter-by-letter spelling was also assessed. Participants were
asked to complete a word generation task by spelling individual words using their
AAC system. The word generation task was administered in the same way it is
administered to beginning readers and writers without disabilities (Clay, 2005).
Participants were asked to use the keyboard in their AAC system to spell as
many words as they could in ten minutes. The researcher recorded all spelling
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attempts, including incorrectly spelled words that the participants generated. The
exclusion criteria determined for this task was the generation of 20 or more
correctly spelled words. Students were not eligible for the study if they were able
to correctly generate 20 or more correctly spelled words, along with high
performance in one other Stage 2 screening task. Although the protocol allowed
for prompts at the beginning of the task, the researcher extended this and offered
prompts during the task as the participants had difficulties.
Stage 2 Developmental Spelling Task. One-third of all of the lessons in
Literacy through Unity. Word Study target phonics, yet the nature of the
participants' communication impairments leave them unable to complete any
available direct measures of phonics, since their articulation is severely
compromised. Thus, phonics abilities were assessed through encoding. The
participants were asked to spell words from a developmental spelling list (Ferroli
& Shanahan, 1987) used with kindergarten students to predict first grade reading
abilities. This task has also been used as an outcome measure in literacy
research involving students with CCN (Erickson & Hanser, 2002). It consists of
the following words: back, sink, mail, dress, lake, peeked, light, dragon, stick,
side, feet, test. A developmental spelling list of this nature can detect
participants' knowledge of: initial and final consonant, vowels, two-syllable words,
blends, digraphs, and orthography. The limited number of items on this
developmental spelling list was desirable given the limited opportunities this
population has had with spelling. Participants were asked to spell each of the 12
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words using the keyboard in their AAC system. The researcher said the word,
used it in a sentence, and then repeated the word. The participant was directed
to look at the researcher when done with each word to alleviate any cues that
might be provided by the researcher asking, "Are you done?" The researcher
recorded every individual letter the participant generated including letter/word
changes made. Results were scored using a point system based on rules
developed specifically for participants with CCN (Erickson, 2003). Each word
was given a general score, an initial-final consonant score, and a vowel score;
these scores were tabulated to create a composite score. See Appendix L for
Developmental Spelling Scoring Rules (Erickson, 2003). The maximum number
of points that could be received for the word list was 127. The exclusion criteria
determined for this task was a score of 60 points or higher. This criterion was
selected to reflect spelling in the range of semi-phonetic (partial sound
representation resulting in scores of 55-60) and phonetic (full sound
representation resulting in scores of 78 and up). While variations are possible,
students who achieved a score of 60 or higher were deemed to have too much
knowledge of letter-sound relationships to benefit maximally from the
intervention. Students were deemed ineligible for the study if they achieved a
score of 60 or higher, along with high performance in one other Stage 2
screening task.
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Summary
As soon as three participants were identified through the Stage 1 and
Stage 2 screening procedures, the recruitment was discontinued. The three
participants who completed the intervention, all met the criteria for Stage 1 and
Stage 2 as described above. The results of their performance on these
measures are described in detail in Chapter 4.
Description of Participants and Setting
Parent Participants
Three parent participants were identified. The parents all indicated their
willingness to insure that their child's AAC device was properly charged and
available to the student participant. The parent participants also insured that the
Language Activity Monitor was switched to "on" as directed. One participant,
Participant 2, lived in a group home setting. His caregivers in the group home
insured that his device was properly charged and that the Language Activity
Monitor was switched to "on" as directed.
Facilitator Participants
For each student participant, one person provided the Literacy Through
Unity: Word Study instruction. With the exception of one facilitator participant,
the other two facilitator-participants were familiar with the student participant as
well as the participant's means of communication both with the AAC system and
through other non-verbal means. Originally, it was planned that eligible facilitator
participants would have known the student for at least three to six months and be
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successful in communicating with the student about daily activities with and
without the Prentke Romich AAC system. However, due to last minute staff
changes, this was not feasible for one student participant. Facilitator participants
were trained in implementing the intervention and had to demonstrate fidelity in
treatment implementation before commencement of the intervention.
Student Participants: Demographics
The convenience sample of three student participants with CCN, between
the ages of 7 to13 years of age, all resided in North Carolina. Each had
consistent, daily access to a Prentke Romich AAC system with Unity dX school
and home, as well as, reasonable and consistent physical abilities to operate
their Prentke Romich AAC system. Student intake forms, educator intake forms
and school records were obtained to document pertinent participant and
facilitator background information. An overview of demographic information is
provided in Table 8, followed by additional individual information.
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Table 8. Participant Demographics

Gender
Age at pretest
Diagnosis

Grade
Education Setting

Participant 1
Female
13 years, 2
months
Cerebral palsy,
spastic
quadriplegia

Participant 2
Male
13 years, 1
month
Moderate mental
retardation,
cerebral palsy,
spastic
quadriplegia
5th
5th
Self contained
Self contained
special education special education
classroom
classroom

Participant 3
Male
7 years, 2 months
Cerebral palsy,
spastic
quadriplegia

pnd

6 years, 6
months
Vantage
Unity 84

6 years, 1 month

Special education
support in the
general education
classroom
8 years, 2 months

Pathfinder
Unity 128

Vanguard
Unity 45

Lesson Facilitator

Direct selection
with right index
finger
Mother

Intervention Setting

Home

Direct selection
Two switch
with right middle
scanning via head
or pinky finger
switches
Special education Individual
teacher
instructional
assistant
Self contained
Separate room
classroom
outside of
classroom

PPVT-III Age
Equivalent
AAC Device
Unity Software
Version
Access Method

Participant 1
Participant 1 was a 13-year old girl with cerebral palsy. She lived at home
with her mother and stepfather, and attended 5th grade in a self-contained
classroom in her neighborhood elementary school. Previously, Participant 1 and
her mother had lived in Ireland. They moved to the United States in 2005.
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Medical and Physical Status. Participant 1 's significant motor involvement
required that she received assistance for all aspects of daily living skills. She
was unable to walk and utilized a power wheelchair operated with her hand. Due
to oral-motor difficulties, Participant 1 was tube fed regularly and required foods
that are a specific consistency. Her fine motor skills were also impaired making it
difficult to do such things as writing with a pencil. However, Participant 1 was
able to point to things within a small area such as a computer keyboard or AAC
device. She used a keyguard on devices in order to help select one particular
square more effectively.
Expressive Communication and Receptive Language Status. Participant 1
had some speech consisting of short utterances in a low whisper like voice. She
indicates "yes" and "no" through head nods and vocalizations. A 2005
speech/language reported indicated that her speech intelligibility with unfamiliar
communication partners was poor. Other reports indicate that she is minimally
intelligible to familiar partners. Participant 1 is difficult to understand even to
familiar partners when the context is unknown, such as when she tries to
articulate a novel idea. Additionally, her intelligibility decreases when she tries to
articulate two or more words. The speech/language evaluation also indicated
that her language skills were below average. For example, on the Receptive
One-Word Picture Vocabulary Test (Brownell, 2000), Participant 1 achieved a
standard score of > 55 with a percentile rank of 1. The speech-language
pathologist who administered the assessment indicated that these results should
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be interpreted with caution as Participant 1 was from Ireland. It is possible that
cultural vocabulary differences impacted her performance. On the Expressive
One-Word Picture Vocabulary Test (Brownell, 2000), Participant 1 achieved a
standard score of 70 with a percentile rank of 2. On the Clinical Evaluation of
Language Fundamentals: Sentence Structure Subtest (Wiig, Secord, & Semel,
2003), Participant 1 was able to answer 70% of the questions correctly using the
recording forms intended for children ages five to nine years old. As a result, a
standard score was not reported because the normative data was only available
for students up to nine years of age. Prior to moving to the United States,
Participant 1 's speech and language therapy focused on improving her
articulation skills.
Augmentative Communication Use. At the end of the 2006 school year,
the augmentative communication team in the participant's school system
conducted an AAC assessment. The assessment resulted in the
recommendation for a Vantage augmentative communication device with Unity
84 communication software (Prentke-Romich). One week prior to the initiation of
the study, she received a loaner Vantage. Prior to this assessment, Participant 1
had used a Dynavox 3100 communication device (Dynavox Systems) from the
age of six. A 2005 assistive technology report indicated that the Dynavox
contained Gateway software (Bruno, 1998) that was organized in a 40-cell
configuration. Participant 1 generally used pre-programmed messages or single
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words to answer questions. She had great difficulty with generating simple
sentences using Gateway 40 on the device.
Educational Program. A 2005 psychological assessment reported that
Participant 1 demonstrated intellectual abilities in the moderately below average
range. On the Reynolds Intellectual Assessment Scale (Reynolds & Kamphaus,
2003), Participant 1 achieved a Composite Intelligence Index of 70. On the
Kaufman Test of Educational Achievement-11 (Kaufman & Kaufman, 2004),
Participant 1 achieved a standard score of 59 on the reading component and 53
on the math component. The Adaptive Behavior Assessment System-II
(Harrison & Oakland, 2003) revealed a general composite score described as
being in the extremely low range of functioning.
Participant 1 's Individualized Education Plan (IEP) goals were related to
reading, math, written language, AAC use, feeding, mobility and adapted physical
education. Participant 1 received speech, occupational and physical therapy, as
well as, adaptive physical education to support her educational needs. She also
received outside physical therapy services for her mobility needs.
Participant Facilitator. Participant 1 's facilitator was her mother. She had
not had formal training in how to provide literacy instruction. However,
Participant 1 's mother had been supporting her use of a communication device
for almost ten years and felt reasonably comfortable with technology. She
enjoyed reading to her daughter and helping her with homework. She was
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anxious to take part in the study, as she believed that her daughter has not been
academically challenged.
Participant 2
Participant 2 was a 13-year old male with multiple disabilities including
cerebral palsy. Participant 2 resided in a group home and attended a selfcontained special education classroom housed in a nearby elementary school.
His mother lived in the area and at the time of the study, his father was in Iraq
serving in the military. Participant 2 was eager to engage others and had a
contagious sense of humor.
Medical and Physical Status. Participant 2 had multiple medical needs
with subluxation of both of his hips, and moderate to severe dysphagia requiring
tube feeding, resulting in gastritis and chronic constipation. Participant 2 was
dependent for all areas of care. He was able to take steps with special
equipment, however utilized a power wheelchair operated by a large touchpad.
Participant 2 had difficulty with most fine motor tasks, but was able to point to
things, including his 128-location device, with adequate accuracy.
Expressive Communication and Receptive Language Status. Participant 2
communicated with vocalizations, facial expressions and arm movements; he
would smile for "yes" and frown for "no." He also looked up and/or raised his
right arm to indicate "yes." In 2005, a communication evaluation was done and
included the administration of the Test of Auditory Comprehension of Language
(Carrow-Woolfolk, 1985) and Receptive One Word Picture Vocabulary Test
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(Brownell, 2000). Participant 2 demonstrated a raw score of 57 on the Test of
Auditory Comprehension of Language, placing him in 4-3 to 4-6 age equivalent.
On the Receptive One Word Picture Vocabulary Test, Participant 2 yielded a raw
score of 60 and a language age of 7-0.
Augmentative Communication Use. Participant 2 received his Pathfinder
communication device in 2001. His educational team reported that his device
use was at times inconsistent and was impacted by his health difficulties,
extreme weakness and poor endurance. His teacher reported that Participant 2
used the communication device at least once a day. The Present Level of
Performance on Participant 2's current IEP indicates that he "whines and cries to
gain attention," instead of using his Pathfinder. The team also noted that his use
of the device was hindered by "power-control struggles." During control
struggles, Participant 2 often refused to use the device for work and
communication. Per facilitator report and researcher observation, Participant 2
frequently gained access to the internal mechanism of the device to change
device settings, making it difficult to do work while often locking the teacher out of
the device.
Communication instruction for Participant 2 had historically focused on
activities to improve functional device use, accuracy in locating specific icons and
response time to use the device. Previous methods of communication instruction
included the "Talk" Program: Teaching Adults and Children Language and
Kommunication (Crawford-Schock & Spoeneman-Hrnicek, 2002). Participant 2's
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teacher also reported that other communication supports have included picture
symbols, various communication switches, and a Springboard communication
device.
Educational Program. According to a 2005 psychological report,
Participant 2 had a label of moderate mental retardation, however the
psychologist suggested his language abilities may have influenced his
performance. All educational documents and reports for Participant 2 report a
label of moderate mental retardation. His most current IEP includes goals
focused on completing assignments, communicating with the Pathfinder
appropriately, and doing so within a give time period. He also had an adapted
physical education goal related to use of his arms. Participant 2 had goals
related to writing correct sentences, but no specific reading goals. However, his
teacher did provide reading instruction for 60 minutes a week, distributed over
three sessions. Instructional activities included computer programs and
comprehension activities. The educational team indicated that accurate
assessment and one-on-one conventional methods of reading instruction had
been tried and were "extremely unsuccessful." Phonics and spelling instruction
were attempted at one point, however with no success. The special education
teacher shared that Participant 2 would "not attempt any type of phonetic
spelling," in part because, "he knew they were spelled incorrectly." As a result,
phonics and spelling instruction have not been a part of the Participant 2's
reading program.
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Participant 2 received adapted physical education regularly at school. He
also received speech, occupational and physical therapy, and counseling all on a
consultative basis. Other services included a psychologist to develop a behavior
program.
Participant Facilitator. Facilitator 2 was a special educator with over five
years of teaching experience with a bachelor's degree in psychology. At the time
of the study, she was pursuing her master's degree in special education. She
had been Participant 2's teacher for over two years. She indicated that she had
no formal training as a reading teacher, and attributed any skills she did have
from workshops, assistance from other teachers and professional materials.
Regarding augmentative communication, Participant 2's facilitator had fewer than
four years of experience working with students who used AAC. She indicated
that she had accessed training and support regarding AAC through in-service
training, conferences, professional materials, assistance from other teachers and
technical phone support from vendors. She reported a basic understanding of
the Participant 2's Pathfinder and has frequently called Prentke Romich for
technical support.
Participant 3
Participant 3 was a 7-year old male with spastic cerebral palsy.
Participant 3 was fully included in a second grade general education classroom in
his neighborhood school with the support of a teaching assistant. He resided
primarily at his mother's home, however, he made scheduled visits to his father's

156

home as his parents were separated. Participant 3 was very eager to please
others.
Medical and Physical Status. Participant 3 was dependent in all areas of
daily living skills. He was able to walk short distances with special equipment,
and drove a power wheelchair using a head control system. Participant 3 had
significant oral-motor problems requiring a modified diet. He had extremely
limited gross and fine motor skills due to his spasticity. Given his limited arm
use, he used a laser pointer attached to a pair of glasses to point at choices,
such as letters on a large paper alphabet board.
Expressive Communication and Receptive Language Status. Participant
3's primary modes of indicating "yes" and "no" were through head nods, facial
expressions and eye gaze. He also made vocalizations, but not consistently
given his physical involvement. In 2005, a battery of assessments was
completed. The assessments included the Receptive One Word Picture
Vocabulary Test (Brownell, 2000) with a standard score of 104, Test of Auditory
Comprehension of Language (Carrow-Woolfolk, 1985) with a standard score of
109, and the Bracken Basic Concept Scale (Bracken, 1998with a standard score
of 113.
Augmentative Communication Use. At the time of the study, Participant 3
had been using a loaner Vanguard on and off for the 2005-2006 school year.

During the study, final recommendations had been submitted for Participant 3 to
receive his own Vanguard. Prior to this, Participant 3 had received a DynaVox
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communication device in 2001. However, Participant 3's mother reported that it
was infrequently used due to difficulties with him physically operating the device.
Educational Program. Participant 3's IEP indicated accommodations for all
areas, including large print. IEP goals were in the areas of math, writing, reading,
and accessing the computer. Participant 3 had a fulltime teaching assistant. He
received speech, occupational and physical therapy, adapted physical education,
as well as, special education support within the general education classroom. He
also received outside speech, occupational and physical therapy to support
procuring the AAC device and to monitor his physical and wheelchair needs.
Participant Facilitator. Participant 3's teaching assistant was his facilitator
for the intervention. Just prior to the start of the intervention, his usual assistant
left her position, necessitating the hiring of a new assistant at the last minute. In
fact, her second day of work was devoted to training for the study. She had her
high school diploma and limited experiences with students with disabilities, no
knowledge of augmentative communication and minimal information about
literacy instruction. She was successful in achieving the required fidelity in the
implementation of the intervention given direct support and training from the
researcher.
The Intervention
Three student and facilitator participants used, Literacy through Unity:
Word Study, over a period of five to seven weeks. The intervention itself
consisted of 25 Word Wall Lessons, 25 Making Words with Icons Lessons and
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25 Making Words with Letters Lessons, yielding a total of 75 structured lessons.
Lessons were numbered and introduced in a three lesson cycle in the following
order: (1) Word Wall Lesson, (2) Making Words with Icons Lesson, and (3)
Making Words with Letters Lesson. Facilitators were asked to do a cycle of three
lessons each day. Participant 1 received a total of 18 hours and 57 minutes of
instruction, with an average of 47 minutes per day (range: 28 minutes-81
minutes). Participant 2 received a total of 28 hours of instruction, with an
average of 67 minutes per day (range: 20 minutes-172 minutes). Participant 3
received a total of 22 hours and 37 minutes of instruction, with an average of 54
minutes per day (range: 26 minutes-82 minutes).
Procedures
Two distinct designs were employed in the present study. Design I
employed a single subject multiple baseline experimental design. Design II was a
descriptive case study design with multiple subjects.
Design I
A single subject design was utilized to experimentally assess the effects of
systematic instruction on communication and spelling. Specifically, a nonconcurrent, multiple-baseline across subjects design was used. Qualifying
student participants began the baseline phase as soon as the Stage 1 and 2
screening procedures were completed.
Due to the low incidence of this population and the expected difficulties in
testing and identifying appropriate candidates for the intervention, it was not
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reasonable to have all participants begin baseline simultaneously. Given these
challenges, a design was needed that allowed for different intervention
commencement times. Thus, a non-concurrent, multiple baseline across
subjects design was used, allowing each participant to start the intervention at a
different time. This particular design has been selected because it offers a predetermined baseline schedule (Crowe, Norris, & Hoffman, 2000; Watson &
Workman, 1981). Participants served as controls for one another during the
staggered baseline phase. Thus, baseline data were recorded for 5 days for
Participant 1,10 days for Participant 2 and 15 days for Participant 3.
Immediately after subjects had completed the intervention, data was collected for
a 5-day period. Additional data were collected during a follow-up period to
determine maintenance of skills.
Data Collection Method
Data used to calculate all dependent variables were collected using an
internal mechanism in participants' AAC systems. The Language Activity Monitor
(LAM) recorded the following data: a date and time stamp of the occurrence,
specific words and/or letters generated, along with the method of generation
(letters, icons, activity row, activity specific page). A total of five dependent
variables were calculated from the data recorded by the LAM. Operational
definitions for the dependent variables are provided below. In Table 9, the five
dependent variables and the conditions under which they were measured are
described.
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Table 9. Dependent Variables and Their Measurement Conditions
Measurement Conditions
Baseline,
before
intervention
begins, outside
of instructional
sessions

During the
intervention
phase, but
outside of
instructional
sessions

During the
actual
intervention
lessons

5-day period
immediately
following the
completion of
intervention

5-day period
5 weeks
after student
participants
begin school

Number of letters

X

X

X

X

X

Number of
correctly spelled
words

X

X

X

X

X

Number of entries
using icons with
the activity row

X

Number of entries
using activity
specific pages

X

X

X

X

X

X

X

Baseline Data Collection. Prior to beginning the intervention, baseline data
were collected for the scheduled number of days (5, 10, or 15) assigned to each
participant.
Baseline Data Recording. LAM data were transferred from participants'
systems to a computer in order to compute the dependent variables. During the
baseline phase, all LAM data were recorded during all waking hours. The data
from each day were used to calculate the values for each dependent variable.
After baseline was completed, data were collected on the same variables during
the intervention phase, but outside of the lessons. The specific dependent
variables include (the letter "o" next to the variable identifies it as being outside of
instruction):
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1o: Number of letters generated
A simple frequency count of the total number of letters generated was calculated
per day that one or more Literacy Through Unity lessons are completed.
2o: Number of icon sequences generated*
A simple frequency count of the total number of icon sequences generated per
day that one or more Literacy Through Unity lessons are completed.
This was modified to calculate icon sequences rather than individual
words as described earlier in Question 3
3o: Number of words of correctly spelled words*
A simple frequency count of the total number of correct spelled words was
calculated per day that one or more Literacy Through Unity lessons are
completed.
T h i s was modified to calculate only correctly spelled words due to the
LAM recording limitations described earlier in Question 6.
4o: Number of words generated using icon sequencing with the activity row*
A simple frequency count of the total number of words generated using the
activity row was calculated per day that one or more Literacy Through Unity
lessons are completed.
This was not possible due to limitations in the LAM recordings as it was
not possible to determine if the utterance involved an icon sequence. The
LAM recorded it as being generated from the activity row.
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5o: Number of words generated using activity specific pages*
A simple frequency count of the total number of words generated using activity
specific pages was calculated per day that one or more Literacy Through Unity
lessons are completed.
T h i s was not done due to the differences in the participants' devices.
Participant 1 's device had a limited number of activity specific pages,
Participant 2's device did not contain activity specific pages and
Participant 3's device had a full range of activity specific pages. Thus,
comparisons were not possible.
Dependent Variables Measured During Intervention Lessons. Daily
intervention was defined as the instructional time when the facilitator and
participant engaged in Literacy Through Unity lessons in an identified quiet
environment with no other individuals present, with the exception of the
researcher. Daily instructional time was estimated to take no longer than an
hour. During this instructional time, the LAM recorder was active and the
resulting data were used to calculate the value for the dependent variables for
each session. In order to distinguish the LAM data as "during instruction" data,
the following rules were used.
1. The LAM recorder remained on at all times.
2. The only person to download the LAM data was the researcher. On one
occasion this was violated for Participant 3. His device was malfunctioning
and was about to be sent to the manufacturer for repair. The researcher was
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out of the country, thus Participant 3's occupational therapist completed the
transfer.
3. At the beginning of each intervention session, facilitators typed "START
NOW" using the keyboard on the device. At the end of each intervention
session, facilitators typed "STOP NOW" using the keyboard on the device.
4. Participant LAM data was distinguished from facilitator LAM data. Each time
the facilitator or any individual other than the participant used the device, an
agreed upon code was typed. Originally, different codes were to be provided
throughout the intervention if it appeared that participants were learning and
using the codes. This was not the case. This was determined through weekly
LAM analysis and discussion with facilitators.
Recording of the Dependent Variable During the Intervention. The
dependent variables were graphed each time a Literacy through Unity lesson
was completed. The two variables, measuring icon sequence use and letter use,
were graphed separately for each lesson type (Word Wall, Making Words with
Letters, Making Words with Icons). The resulting four graphs visually display
students' number of attempts using letters and the number of attempts using icon
sequences. The Word Wall lesson addresses both letter use and icon use,
requiring two graphs to display the frequency of each area. Thus, there are four
graphs for each student, visually representing their abilities to generate letters
and words during Word Wall lessons, Making Words with Icons lessons and
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Making Words with Letters lessons. The dependent variables recorded on each
graph during intervention (i) include:
//.

Number of letters generated

For each instructional lesson, a ratio was calculated using the total number of
letters generated by the participant divided by the total number of letters that the
participant was directed to use during the lesson.
21

Number of icon sequences generated*

For each instructional lesson, a ratio was calculated using the total number of
words generated by the participant divided by the total number of words that the
participant was directed to use during the lesson.
This was modified to count sequences rather than individual words as
described earlier in Question 3.
Dependent Variables: Data Collection Outside of Instructional Lessons.
The same five dependent variables measured during baseline (1o-5o), were also
measured during the intervention phase, but outside of instructional lessons. On
days when one or more intervention lessons were completed, LAM data outside
of the instructional session was collected and analyzed to calculate values for
these outside of instructional time dependent variables.
Immediately following the intervention completion, LAM data were
gathered for a 5-day period during all waking hours. Additionally, to investigate
maintenance, data were gathered for an additional 5-day period during all waking
hours once five weeks had elapsed. LAM data were used to calculate the value
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of the dependent variables during the 5-day period immediately following
completion of the intervention, and during the follow-up 5-day maintenance
period. For each participant, simple frequency counts of the dependent variables
(1o-5o) were presented on a single graph that included all phases: baseline,
intervention, 1-week post and 5-weeks post.
Internal Validity. In order to insure that the intervention was being
implemented properly, a number of procedures were employed. First, no other
curricular materials that addressed word and/or spelling instruction were used
during the course of the intervention. Speech and language therapists ceased
efforts to provide direct instruction on icon sequencing. Second, facilitators had
to reach reliability in implementing the intervention prior to the first session with a
student participant (for more details refer to Facilitator Training in the Protocol
Section). Third, facilitators were asked to record information on a lesson log for
each lesson. See Appendix M for the Facilitator Lesson Log. This information
included the date, start and stop times and any remarkable observations or
questions. They were also asked to check off the completion of each lesson
step. During weekly visits, the researcher collected the completed lessons and
lesson logs. Fourth, the researcher completed weekly fidelity observations in
order to insure continued fidelity of treatment implementation. See Appendix N for
the Facilitator Fidelity Form.
Analyses. Visual analysis served as the primary form of analysis. Graphs
were analyzed to determine whether there was an increase in students' use of
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icons and letters-by-letter spelling over time. Graphs were visually inspected for
the following: changes that occurred, the magnitude of change, trends, latency of
changes and the reliability of change (McCormick, 1995). An analysis of over
overlap between conditions was also completed and is described in detail in
Chapter 4, (Alberto & Troutman, 2006). Descriptive statistics were used to
describe the frequencies for each of the dependent variables over time. Analyses
also included comparison of the mean level of performance across participants.
Design II
A descriptive case study design was used to examine outcomes
associated with the Literacy through Unity intervention. The case study
examined specific changes across five pre-post test areas. The raw scores from
the following Stage 2 screening tasks served as the pre-test and posttest: (1)
Word Recognition Task, (2) Icon Sequencing Task, (3) Expressive
Communication Task, (4) Word Generation Task, and (5) Developmental Spelling
Task. The Stage 2 screening protocols described earlier were used. Additionally,
baseline, and 1 -week post and 5-week post intervention LAM data was used to
identify the number of icon sequences participants generated that were taught
during the intervention.
LAM Data. The 1 -week post phase and 5-week maintenance LAM data
was used to calculate, per day, the number of icon sequences generated that
were taught during the intervention. Although the baseline period and outside of
the intervention lessons were not included in the original question, LAM data was
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also collected from these phases and used to calculate, per day, the number of
icon sequences taught during the intervention. The occurrence of the actual
sequences taught during the intervention was compared.
Analyses. While Design I was intended to experimentally examine
changes that occurred as a result of the intervention, Design II focused on
identifying practically and educationally significant changes. Given the lack of
experience and growth with communication and literacy that is typical of students
with CCN (Sturm & Clendon, 2004), any increase in ability seen in this study was
considered educationally significant. Thus, simple descriptive statistics were
compared to determine the frequencies of participants' use of icon sequences
from Literacy through Unity, before, during and after the intervention. Descriptive
statistics were also used to compare participants' individual pre and post-test
scores and to look for patterns of change across participants. Additionally,
participants' pre and posttest developmental spellings were analyzed to identify
changes in understandings of spelling as a result of the phonics instruction.
Spellings were analyzed according to Gentry's stages (2000) of developmental
spelling to globally classify students as into spelling stages. Specific item
analysis was also completed using the developmental spelling scoring system
(Erickson, 2003). This analysis was intended to detect minor changes in
students' spelling. Each word was scored for three different aspects: general
inclusion of letters, use of initial and final consonants and use of vowels. For
each participant and across participants, these scores were compared for trends

168

and changes. Given the spelling based phonics instruction provided in the
intervention, any changes were considered educationally significant, supporting
the use of systematic phonics instruction for this population.
Participant Facilitator Training on Intervention
Before beginning training, to determine facilitators' knowledge of icon
sequencing, they were given a 10-minute expressive communication pre-test that
required them to generate as many messages as they could using icon
sequencing on the student participants AAC device. Similar to the student
participants, this test was repeated at the completion of the intervention.
Facilitator performance is reported in Chapter 4.
Participant facilitators were given three half-day trainings on the
intervention. All trainings occurred on an individual basis and were completed by
the researcher. During the first training, the facilitators received a copy of
Literacy through Unity and were given a brief theoretical overview of the study
and Unity {the language representation system on the AAC device). A
demonstration of specific intervention lessons was also provided. The second
training focused on guided facilitator practice with implementation of the
intervention, and use of daily lessons logs. See Appendix M for the Facilitator
Lesson Log. Facilitator practice included opportunities for role-play. Facilitators
practiced implementing the lesson using their students' AAC system with another
educator who role-played as their student. After a 3-hour training session and a
3-hour intervention session, facilitators 1 and 2 completed pre-intervention fidelity
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observations. Due to facilitator 3's limited experiences, additional trainings were
provided.
An implementation fidelity checklist was used to record facilitators' skill in
implementation of the five different Word Wall lessons, 1 Making Words with
Icons lesson and 1 Making Words with Letters lesson. Two fidelity percentages
were calculated. Given the importance of the LAM data, the use of a separate
research fidelity calculation was warranted. The fidelity percentages were based
on the following from each lesson observed:
Research Fidelity:
1. Records lesson start time on lesson log
2. Types "start now" on device
3. Records lesson stop time on lesson log
4. Types "stop now" on device
5. Uses facilitator initials prior to modeling on the device
Lesson Fidelity:
1. Follows sentences provided in lesson
2. Models on the device when indicated in lessons
3. Points to icon/letter/word cards when indicated in lessons
4. Provide instructional feedback as indicated in lessons
5. Follows lesson components in proper sequence
Pre-intervention fidelity for implementation of Word Wall lessons 1a-5a,
Making Words with Icons lesson 1b and Making Words with Letters lesson 1c are
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reported in Table 10. Five word wall lessons were completed as each lesson has
slight variations. A fidelity form was used to record percentages for fidelity to
research methods and for fidelity to lesson content. See Appendix N for the
Facilitator Fidelity Form.
Table 10. Pre-lntervention Facilitator Lesson Fidelity
Lesson

Facilitator 1
Facilitator 2
Facilitator 3
Research Lesson Research Lesson Research Lesson

Word Wall 1a

80%

68.43%

100%

100%

40%

91.82%

Word Wall 2a

100%

78.23%

100%

69.8%

100%

61.35%

Word Wall 3a

100%

94.12%

100%

94.9%

100%

84.13%

Word Wall 4a

100%

58.57%

80%

60%

96.67%

98.62%

Word Wall 5a

100%

74.54%

86.67%

95%

80%

100%

Making Words
with Icons 1 b
Making Words
with Letters 1 c
Average Fidelity

100%

85.46%

>100%

77.5%

100%

100%

100%

70.56%

100%

100%

80%

100%

97.14%

75.70%

95.24%

85.31%

85.24%

90.85%

Total Fidelity

86.42%

90.28%

88.04%

Summary
In order to experimentally and qualitatively examine the effects of a
systematic communication and literacy instructional program for students with
CCN, this study employed two research designs. The experimental nature of
design I provides experimental control in examining such effects. Design II offers
educational information specific to students' communication skills as well as their
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understandings about spelling and word identification. This dual design study
presents critical information needed to inform literacy and communication
instruction for students with CCN.
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CHAPTER 4
RESULTS
Introduction
The purpose of this study was to investigate the effects of systematic
reading, spelling and communication instruction for students with complex
communication needs (CCN). The five to seven week intervention consisted of
75 lessons, with data collection occurring prior to, during and after the
intervention. Results are presented here in six sections with each section
building on the previous one. Participant description and intervention lesson
documentation will provide the background needed to address the research
questions. An overview of participants' performance across all pretest and
posttest areas will be described and then expanded upon in the sections that
follow. As the intervention addresses communication, results relating to icon
sequencing will be described, including the frequency of their use and their use to
generate specific utterances. To further describe participant communication
through letter use to generate words, data documenting the frequency with which
letters were used- and most importantly, the spelling attempts that resulted from
their use will be reported.
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Participant Screening Results
Participant Performance on Stage 1 Tasks
Out of the pool of seven potential participants, three were selected as the
final participants. With the exception of Participant 3's performance on the
Peabody Picture Vocabulary Test (PPVT), the performance of the three
participants on Stage 1 tasks was similar. The tasks and continuation criteria are
described below in Table 11. Participant 3 was given the Icon Selection task
three times because his team had recently introduced a new way to operate the
communication device. The task was administered multiple times in order to
insure that Participant 3 had the appropriate access skills to participate in the
study.
Participant Performance on Stage 2 Tasks
Participant performance on Stage 2 tasks is provided in Table 12. It was
necessary for Participants 2 and 3 to complete Stage 2 tasks twice. The results
of their performance on the second set of tasks are also included. Participant 3's
scores on the first set of tasks may have been low due to the new method of
physically operating the communication device. For Participant 2, unforeseen
circumstances resulted in a time lapse of 47 days between the initial completion
of the Stage 2 tasks and the start of baseline. Participant 2 experienced
technical difficulties with his communication device requiring its return to the
manufacturer for service and software upgrades. Participant 3 was not able to
begin due to a delay in receiving school district approval to conduct research.
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Table 11. Description of Stage 1 Screening Tasks and Participant Performance
Stage 1
Tasks

Procedures

Continuation
Criteria

Participant
1

Participant
2

Participant
3

1 st : 2
2nd: 3
3rd: 2

Icon
Selection

Student was asked to
communicate known
messages using the
AAC system.

2 per minute
or more

Letter
Identification

Asked to identify upper
and lower case letters
when presented with 6
choices at a time.

37 or more

52

50

52

Concepts
About Print
(Clay, 1993)

During book reading of
Stones (Clav. 1979).
student was asked 13
questions targeting
concepts about print.
Multiple choice and
yes/no questions were
offered.

11 or more

12

11

12

PPVT-III
(Dunn &
Dunn, 1997)

Followed standard
administration
guidelines, and
presented 4 line
drawings from which
student selected the
target word.

6 years,
6 months

6 years,
1 month

8 years,
2 months

5.0 year
equivalent or
more
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Table 12. Description of Stage 2 Screening Tasks and Participant Performance
Stage 2
Tasks

Procedures

Exclusion
Criteria

Participant
1

Participant
2

Participant
3

Students were presented
with 4 words and asked to
identify the target word.
Orthographically and
phonologically similar
words were presented on a
computer using
PowerPoint. The task
consisted of the 25 words
taught in the word wall
lessons.

13 or
more

14

17

22

(First
score: 19)

(First
score: 23)

Using their AAC system,
students were asked to
communicate a target
word(s) using the correct
icon sequence. The task
consisted of 25 words
randomly selected from all
of the words taught in the
making words with icons
lessons.

13 or
more
(First
score: 1)

(First
score: 1)

Using their AAC system,
students were given 10
minutes and were asked to
communicate as many
words as possible using
only icon sequences.

120 or
more
(First
score: 0)

(First
score: 1)

Word
Generation
(Clay, 1993)

Using the keyboard on their
AAC system, students were
given 10 minutes and were
asked to spell as many
words as possible. Only
correctly spelled words
were counted.

20 or
more
(First
score: 5)

(First
score: 0)

Developmental

Using the keyboard on their
AAC system, students were
asked to encode words
from the following
developmental spelling list:
back, sink, mail, dress,
lake, peeked, light, dragon,
stick, side, feet, test (Ferroli
&Shanahan, 1987).

Score of
60 or
more

4

53.5

(First
score: 4)

(First
score: 16)

Word
Identification

Icon
Sequencing

Expressive
Communication

Spelling
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During this time lapse, both participants began school and Stage 2 tasks
were administered in early October. For both participants, the second round of
Stage 2 tasks were completed within the week prior to the first day of the
intervention. While repeating Stage 2 tasks posed some concerns, it was
important to have baseline measures that offered a true picture of the
participants' skills immediately prior to the onset of the intervention.
Stage 2 screening procedures allowed participants to surpass the
exclusion criteria in no more than one area. Interestingly, all participants
surpassed the exclusion criteria for word identification suggesting that this was
an area of strength. In contrast, performance in other areas was low, especially
for the tasks requiring participants to generate their own utterances and spelled
words.
General Intervention Documentation
Intervention Timelines
Participant 1 qualified in July 2006 with her 5-day baseline and the
majority of the intervention occurring at home during the summer months. In
August, as school began there was a 1-week overlap with the intervention. The
lessons continued to be taught by the parent at home with the exception of one
day where she implemented three lessons at school. Post intervention, the 1week and 5-week periods occurred at home and school with final data collection
in October. Participant 2 was identified in September 2006, and began his 10day baseline in October. Participant 3 was identified in August 2006, and also
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began his 15-day baseline in October. For both of these participants,
intervention began in November with final data collection occurring in February
2007.
Participant Use of the Device Outside of the Intervention
Given the importance of participants' device use outside of the
intervention, the frequency of device use was tabulated. Table 13 reports the
totals as well as averages of device time use and device entries per phase for
each participant. Calculations were completed using the LAM data guided by
specific parameters to insure accuracy. Adult models were excluded from the
participant times and number of entries. Extended periods of time when the
device was idle were also excluded because the reasons for these long time
lapses between communication entries in the LAM data time stamps could not be
explained. The participant may have been choosing not to communicate or the
device may have been physically unavailable to the participant. Given the lack of
context, when time lapses of 1 hour or more occurred, the time was not recorded
as participant device use time. Additionally, it should be noted that Participant 1
has a high number of device entries during the intervention, the 1 -week post
period and the 5-week post period. She enjoyed copying parts of her favorite
book and many of these entries resulted from copying the letters and words.
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Table 13. Frequency of Participant Device Use across All Phases

Time
Baseline Days
Total Device Use Time
Average Time Per Day
Total Number of Device Entries
Average Device Entries Per
Day
Intervention Days
Total Instructional Time
Device Use Time Outside of
Instruction
Average Time Outside of
Instruction Per Day
Total Number of Device Entries
Outside Instruction
Average Entries Per Day
Outside of Instruction
:

M-&i0Pi'fSPi^^^h^^;'^^yM^'ii^^-r

Participant 1

Participant 2

Participant 3

5
3 hours
50 minutes
46 minutes
855
171

10
38 hours
45 minutes
3 hours
52 minutes
2189
219

15
29 hours
7 minutes
1 hour
56 minutes
.1567
104

24
19 hours

24
28 hours

38 hours
43 minutes
1 hour
37 minutes
7286

103 hours
31 minutes
4 hours
19 minutes
5062

25
22 hours
38 minutes*
47 hours
45 minutes*
1 hour
59 minutes*
2831*

304

211

118*

- ;i>:V\'>^'^'7;-£.o;iK:S^

1 Week Post Phase Days
Total Device Use Time

1'] V-.. •'

5
13 hours
7 minutes
2 hours
37 minutes
2233

5
15 hours
13 minutes
3 hours
3 minutes
833

5
7 hours
38 minutes
1 hour
32 minutes
681

Average Device Entries Per
Day

447

167

136

5 Weeks Post Phase Days
Total Device Use Time

5
6 hours
37 minutes
1 hour
19 minutes
1083

5
27 hours
29 minutes
5 hours
30 minutes
1770

5
12 hours
10 minutes
2 hours
26 minutes
563

354

113

Average Time Per Day
Total Number of Device Entries

Average Time Per Day
Total Number of Device Entries

Average Device Entries Per
217
Day
*Data missing for one day due to device malfunction.
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Participant Interest Level in Intervention Lessons
Participant interest level in the intervention was documented for each
lesson. Facilitators rated participants' interest level using a 5-point rating scale
on the lesson log as follows: 1 = Always Interested, 2 = Usually Interested,
3 = Interested Half the Time, 4 = Seldom Interested, and 5 = Never Interested.
Mean ratings for each lesson type are presented in Table 14. All participants
demonstrated average ratings of "always interested" for the lessons. Of all of the
lesson types, participants appeared to show the highest level of interest for Word
Wall lessons and the least amount of interest in the Making Words with Icons
lessons.
Table 14. Percentage of Participant Interest Level in Intervention by Lesson Type

Lesson

Overall Interest
Participant 1 Participant 2 Participant 3
By Lesson

Word Wall

1.20

1.29

1.17

1.22

Making
Words with Icons
Making
Words with Letters
Overall Participant
Interest Level

1.56

1.44

1.32

1.44

1.52

1.28

1.18

1.36

1.43

1.34

1.22

Scale: 1=Always Interested, 2=Usually Interested, 3=lnterested Half the Time, 4=Seldom
Interested, and 5=Never Interested
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Intervention Results
Introduction
An overview of all pretest-posttest results will serve to provide a
foundation for the entire results section with more detailed discussion of each
measure offered throughout each of the sections. The results of the word
identification and developmental spelling pretest-posttests will be reported first.
This will be followed by the frequency of icon use during and outside lessons,
including sequences taught in the intervention. Intervention lessons also
addressed letter use for spelling, thus the frequency of letter use will be reported,
complemented by results from specific spelling attempts outside of the lessons
and on the pretest-posttest.
Participant Pretest-Posttest Results
Across measures of reading, spelling and communication all participants
made gains. Research questions 1 and 2 specifically targeted pretest-posttest
changes in word identification and developmental spelling.
Question 1: Are there pretest-posttest differences in the word identification
skills of participants?
Question 2: Are there pretest-posttest differences in the developmental
spelling skills of participants?
All pretest-posttest scores are provided in Table 15. Due to the wide

range of information that was being assessed across the tests, the measures
generated different types of scores. Thus, the reported numbers are based on
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different numeric scales. Improvement was observed in all areas, with the
exception of Participant 2 who did not improve on the word generation task. With
regards to word identification, participants made a 28% increase in this area of
relative strength for the group. Participant 2 made the greatest gains with a 41%
increase from pretest to posttest, and participant 3 made the smallest gains with
an increase of 14%.
Table 15. Pretest and Posttest Scores and Group Means
Participant 1

Participant 2

Participant 3

Task

Pre

Post

Pre

Post

Pre

Post

Pre

Post

Word
Identification1

14

19

17

24

22

25

17.67

22.67

Icon
Sequencing1

2

14

20

18

3.33

17.33

Expressive
Communication2

4

36

22

10

3.33

22.67

Word
Generation3

.8

15

10

6.67

10.00

Group

Developmental
22.00
53.50
73.50
27.17
40.50
24.00
26.00
4.00
Spelling4
1
Raw score is provided out of 25 items.
2
Score represents the total number of icon sequences generated by the participant.
3
Score represents the total number of correctly spelled words generated by the participant.
4
Score represents the total number of points with 127 as the highest possible score.

As with word identification, there are pretest-posttest gains in participants'
spelling skills. Spelling scores are based on a possible total score of 127 points.
A 13.33-point mean gain on posttest scores demonstrates that the group made
growth in developmental spelling, a test area that is not typically considered for
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this population. Gains should also be noted on the icon-sequencing task during
which the three participants made a 420% increase from pretest to posttest.
Furthermore, they were able to produce an average of 19.34 more words on the
expressive communication task at post-test than they could at pretest. With the
exception of a decrease in Participant 2's word generation score, all participants
made gains across all pretest-posttest areas. In addition to a comparison of
performance at pretest and posttest, the research questions addressed word
identification, spelling, as well as, icon use before, during, and after the
intervention. These results are described in detail below.
Participant Frequency of Icon Sequence Selection
Participants' ability to learn and use icon sequences are reported here by
the frequency with which participants use all icon sequences, followed by the
frequency of intervention-specific icons. The results of closer inspection of the
generalization of icon use over time based upon participants' pretest-posttests
will also be shared.
Question 3 addresses the frequency of icon sequences used before,
during and after the study.* Question 3 has four components as specified here:
Question 3: Is there a change over time in the number of icon sequences that
students generate:
a.

During the intervention lessons?

b.

Outside of the intervention on each day that at least one lesson is
completed?
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c.

Immediately following the completion of the intervention?

d.

During a follow-up, maintenance period

Icon Sequencing during the Intervention Lessons
When considering the frequency of icon use during all of the intervention
lessons, reporting the participants' total number of attempts does not provide
enough specific information about their response to the individual lessons. In all
of the lessons, there were numerous steps that directed participants to generate
specific icon sequences. Identifying the attempts that participants made in
response to the directives, and in addition to the directives, provided useful
information about participants' level of engagement and how they responded to
new concepts about icon sequences. Comparing the number of actual
participant attempts to the number of targeted attempts offered a gauge of their
level of experimentation and possible problem solving with icon sequencing. The
number of participants' attempts fluctuated from lesson to lesson, characterized
by days where participants generated few icon sequences from the lesson, days
where they generated what was targeted in the lesson, and days where they
attempted far more than what was called for in the lesson. Overall, participants
generated icon sequences beyond what was expected in an average of 62% of
the Word Wall lessons and an average of 73% of the Making Words with Icons
lessons. Ultimately, in response to question 3, during the lessons, there was an
increase in icon sequences over time, with the most notable increases made by
Participants 1 and 2.
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Determining the Ratio of Icon Sequences Used during the Lessons. To
capture their interactions during the lessons, a ratio was calculated by dividing
the number of actual participants' responses by the expected number of
responses for each lesson. Table 16 displays LAM data from Word Wall lesson
6a depicting the icon sequences directed by the lesson and resulting participants'
responses. During the lesson, Participant 2 was directed to use four icon
sequences to say the words: I, at, mine and is. As observed, he makes attempts
for 100% of the lesson directives, plus he generates "I" one additional time.
During this lesson, he has gone beyond the lesson directives by one icon
sequence, with the ratio resulting of 1.2. It is also important to note that while
Participant 2 was successful in the above example, the ratio is calculated using
the total number of participants' attempts and does not reflect whether attempts
were correct. For example, there were times when the lesson directed the
participant to say "at," and the participant responded with the icon sequence for
"on." All icon sequence attempts that produced a phrase or word were counted.
Table 16. LAM Excerpt from Word Wall Lesson 6a Demonstrating Lesson
Directives to Generate icon Sequences and Participant 2 Responses

Lesson
Directive
Say "I."
Say "at."
Say "mine."
Say "is."

Participant
Response

Used to Calculate
Ratio

I
I
at
mine
is

EXPECTED
BEYOND
EXPECTED
EXPECTED
EXPECTED
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Frequency of Participants' Icon Sequence Selections During Word Wall
Lessons. The number of icon sequences that participants attempted during the
Word Wall lessons was ator beyondtbe directives for a mean of 81% of the
lessons. Additionally, there was a continued increase in sequencing over time.
Figures 8, 9, and 10 illustrate the ratios of actual participant responses relative to
the number of direct requests indicated in each lesson. A horizontal line has
been added to the figures, indicating the level at which participants have
responded to 100% of the direct requests in a given lesson. (It is possible for
participants to produce more than the expected number of icon sequences as
indicated by ratios that exceed 1.0 and data points above the horizontal 100%
line on the figures). Each lesson targeted a total of five icon sequences. Data
points are not included for Word Wall lessons 5,10,15, 20 and 25, as these 5
lessons do not require icon use. Despite this, participants made attempts to use
icons during these particular lessons. Participant 1 used icon sequences on all 5
of the lessons, and Participants 2 and 3 used icon sequences on 4 out of the 5
lessons.
Although variability is observed, Figures 8, 9 and 10 reveal that during
Word Wall lessons all participants made an increase in the ratio of icon
sequences used during the intervention with Participants 1 and 2 making the
largest gains and Participant 3 making a very slight increase.

Despite the overall

increases, there were some days when participants did not produce the expected
sequences for a lesson. Participant 1 did not attempt five sequences indicated
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for one of the lessons contributing minimally to a mean ratio of 1.81 (range, .4 to
3.8). She selected an average of 8.84 sequences per day with a range of 2 to 19
icon sequences. Participant 2 selected an average of 5.69 icon sequences per
day with a range of 0 to 16 sequences. Participant 2's mean ratio of selected to
expected icon use was 1.32 (range, .2 to 3.2); he did not produce the expected
number of sequences for four lessons. Participant 3 used the number of required
sequences in the lessons with the exception of five, resulting in a mean ratio of
1.09 (range, .6 to 1.6). He used an average of 4.92 sequences a day with a
smaller range of 2 to 8 sequences. Additionally, lesson 23 data are missing for
Participant 3 due to device difficulties on that particular day.
Figure 8. Participant 1: Ratio of Participant Icon Sequence Selections to
Expected Selections During Word Wall Lessons
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Figure 9. Participant 2: Ratio of Participant Icon Sequence Selections to
Expected Selections during Word Wall Lessons
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Figure 10. Participant 3: Ratio of Participant Icon Sequence Selections to
Expected Selections during Word Wall Lessons
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Frequency of Participants' Icon Sequence Selections during Making
Words with Icons Lessons. Overall, participants' attempts were at or beyond
lesson expectations in 86% of the Making Words with Icons lessons.
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Participants 1 and 2 made a steady increase in their use of icon sequencing
beyond what was expected during the lessons, while Participant 3's usage
decreased. Figures 11,12 and 13 display their icon selections during Making
Words with Icons lessons. Similar to the description of icon sequence selection
during Word Wall lessons, the data points in these figures represent the ratio of
participant-generated icon sequences to the number of expected lesson
sequences. Day to day fluctuations in the use of icon sequences is again evident
for Participants 1 and 2, with the fewest generated by Participant 3. Participant
1 used icon sequences beyond what was requested in all lessons with the
exception of one, resulting in a mean ratio of 2.07 with a range of 0.6 to 3.4.
Participant 1 used an average of 21 icon sequences per day with attempts
spanning a wide range from 6 to 34 sequences. In comparison, Participant 2 had
a lower ratio of 1.26 (range, 0.5 to 2.3), and did not use the expected number of
sequences for five lessons. He used an average of 12 sequences per day from a
range of 5 to 23 sequences. Participant 3's performance revealed a different
pattern of sequence use demonstrated by an overall decrease in sequence use
over time. He selected an average of 11 sequences a day with his range of
selections between 3 and 16. His average use of the expected number of icon
sequences during lessons was represented by a mean ratio of 1.07 (range, 0.3 to
1.6.). Participant 3 did not select all of the expected icon sequences during five

lessons. Additionally, for Participant 3, data are not reported for lesson 23. On
that particular day, there was a device malfunction and data were not recorded.

189

Figure 11. Participant 1: Ratio of Participant Icon Sequence Selections to
Expected Selections during Making Words with Icons Lessons
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Figure 12. Participant 2: Ratio of Participant Icon Sequence Selections to
Expected Selections during Making Words with Icons Lessons
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Figure 13. Participant 3: Ratio of Participant icon Sequence Selections to
Expected Selections during Making Words with Icons Lessons
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Frequency of Icon Sequences during Baseline. Outside of Lessons on
Intervention Days, and Post Intervention Periods
Across the entire study, participants' daily use of icon sequences
fluctuated greatly from day to day. It should be noted that these numbers do not
include the specific icon sequences, but rather the frequency of participants' use.
The context for device use driving frequencies cannot be known. Days with high
frequency may reflect an increased level of experimentation and/or increased
opportunities for use. A lower frequency may indicate mastery of the sequence
eliminating the need for experimentation. Alternatively, a low frequency may
indicate decreased opportunities. Further discussion will be provided in Chapter
5. Despite this, trends were observed. For two participants, baseline icon
sequence use was low, and use increased during the lessons, but was followed
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by a decline during post intervention phases. In contrast, for the third participant,
icon sequence use decreased during the intervention followed by an increase in
use over the post intervention phases. Specific results describing these trends
are reported below in response to question 3 and its three subparts.
Question 3: Is there a change over time in the number of icon sequences
that participants generate?
b. Outside of the intervention on each day that at least one lesson is
completed?
c. Immediately following the completion of the intervention?
d. During a follow-up, maintenance period?
In answering the above questions, a more complete picture of icon use
has been constructed by adding the baseline phase to all figures. Figures 14,15
and 16 report the number of icon sequences produced during all phases,
excluding the instructional time during the intervention. During baseline and the
post phases, participants engaged in their regular instruction for their
communication device use. In order to capture the frequency of icon use during
participants' spontaneous, unprompted communication attempts, data from these
identified therapy times were not included in the frequency counts. For
Participant 1, data were excluded from four days. During baseline, Participant 1,
data was excluded from two days that consisted of adult models. Data was also
excluded from two days during the 1-week post period; one day during which the
researcher demonstrated device use. Exclusion of data was not needed for
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Participant 2 as he did not have direct speech and language services and instead
services were consultative with the teacher. Directed communication device use
was only an issue for Participant 3. For Participant 3, data were excluded from 25
days. During the specific intervention, Participant 3's therapist suspended
therapy that focused on teaching icon use, however data from structured speech
and language sessions were not included for analysis. During baseline, data from
12 days were excluded consisting of eight days with speech sessions and
teacher lessons, two days with adult initials present, and two days with facilitator
intervention practice. During the intervention, data from 12 days were excluded
consisting of 10 days from speech sessions, one day with unclear entries
indicating start and stop and one day where researcher was demonstrating the
device. Additionally, on one day during the 5-week post period, data from a
speech session was excluded. On days when exclusion occurred, only the data
from the particular activity was excluded, leaving the remaining entries to be
coded.
Inspection of the day-to-day data displayed in the figures reveals variability
in the frequency of participant utterances across all phases making it difficult to
register clear change. In the current study, hypotheses stated that there would
be an increase in icon sequencing outside the lessons, at 1-week post, and 5
weeks post. Given the level of variability present, in order to determine if there
was an actual increase in icon sequences, it was appropriate to calculate the
similarities and differences across phases. Thus, an analysis of overlap was

193

used to tabulate the percentage of data points in two phases that fall within the
same range (Alberto & Troutman, 2006). A high percentage of overlap might
indicate that high number of the same data points exist in two phases,
suggesting that the phases are similar with little change. In comparison, a low
percentage of overlap would indicate that there are few data points shared
between two phases, suggesting that the phases are different with apparent
change. Calculation of overlap is done in the steps outlined in Table 17
accompanied by an example (see Alberto & Troutman, 2006 for a complete
description of recommended procedures for evaluating the percentage of overlap
of data).
Table 17. Steps for Calculating the Percentage of Overlap

Step
1. Identify the range of data points present in the first phase.

Example
0-32

2. Count the total number of data points in the second phase.

24

3. Count the number of points from the second phase that fall into the
first phase. (First phase range: 0-32)

14

4. Divide the number of points that fall in the first phase by the total
number of data points in the second phase.

.5833

5. Multiply by 100

58.33

In the case of the frequency of icon sequencing, there is a high level of
variability with considerable overlap (95% or greater) between all phases for all
participants with two exceptions. For Participant 1, there is a 58.33% overlap
between the icon frequency data points during baseline and use of the same
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frequencies during the intervention, and for Participant 3, a 60% overlap between
1 Week Post and 5 Weeks Post. Such overlap of icon use between phases
makes it difficult to register the impact of the intervention when viewing the data
day by day.
The high overlap coupled with high day-to-day variability in icon use,
warrants the examination of mean phase levels. This analysis, indicated by
horizontal lines on Figures 14, 15, and 16 reveals participant change from one
phase to another. Participant 1 had a mean icon use of 12.20 (range, 0 to 32) at
baseline, increasing to 30.13 (range, 0 to 82) during the intervention, and then
decreasing to 6.60 (range, 0 to 14) and then 1.40 (range, 0 to 6) during the two
generalization phases. Participant 2 had a mean icon of 8.90 (range, 0 to 32) at
baseline, with an increase to 16.96 (range, 0 to 33) during the intervention, a
decrease to 7.80 (range, 1 to 17), at the 1-week post phase and a slight increase
to 9.80 (range, 6 to 16) at the 5-week post phase. In contrast, participant 3 had a
mean icon use of 11.27 (range, 0 to 34) at baseline, which decreased to 8.80
(range, 0 to 50) during the intervention, and steadily increased to 14.00 (range, 0
to 32), and then 25.00 (range, 3 to 52) during the two generalization phrases.
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Figure 14. Participant 1: Frequency of Icon Sequences across All Phases
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Figure 15. Participant 2: Frequency of Icon Sequences across All Phases
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Figure 16. Participant 3: Frequency of Icon Sequences across All Phases
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Changes in icon sequence use are observed with similarities existing for
Participants 1 and 2. The increase in mean levels of icon sequences during the
intervention for Participants 1 and 2 suggest that there was a change in use,
however for Participant 3 there was not. During the 1 -week post phase, the data
reveal a decrease in icon sequences selected, again for both Participants 1 and 2
with an increase for Participant 3. At the 5-week phase, the decrease continues
for Participant 1 while Participant 2 makes a slight increase and Participant 3 a
modest increase. These reported results do not delineate the use of specific
icons, thus, as proposed by Question 4, participants' use of icons taught in the
intervention will be reported next.
Frequency of Use of the Icon Sequences Taught in the Intervention
The Word Wall and Making Words With Icons lessons for Unity 45 taught
a total of 104 icon sequences while 109 icon sequences were taught in the
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lessons for Unity 84 and 128. Examples of the some of the utterances and icon
sequences taught are: I can: I + JUICE; I can't: I + KNOT + JUICE; I want: I +
WANTED; I don't want: I + KNOT + WANTED. Tables 18, 19 and 20 display the
specific icon sequence word lists, indicating the sequences that were used by the
participants over the entire intervention time period, indicated by bold, underlined
text. This simply indicates that the sequence that was used, and does not reflect
the frequency with which it was used. Only applicable to Participants 1 and 2,
because of the type of device they used, words generated with single icons are
denoted in bold and italics. Participant 1 used a total of 71 intervention icons or
65% of those taught, Participant 2 used 40 intervention icons (37% of those
taught), and Participant 3 used 59 intervention icons (57% of those taught). It is
evident that participants used many of the word wall words. All participants used
the icon sequences for: I can, good, I want, because, and I like.
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Table 18. Participant 1: Use of Icon Sequences Taught in the Intervention
Icon Sequences
Taught in Word
Wall Lessons

can
not
will
I
on

al
mine
is
be
want
it
play
and
she
what
in
make
have
do
like
eat
drink
are
we
more

Icon Seqijences Taught in Making Words With
Icons Lessons

can't
did
I did
I didn't
a
book
read
won't
can I
I can
I can't
MB
down
bad
qood
not I
I won't
I want
I don't want
I don't know
I know
with
love
hug
come
bring
teach
know
is he

is she
she is
he is
his
him
her
me
can it
it can
it can't
can't it
qame
person
friend
follow
because
ask
if
can she
she can
she can't
can't she
question
look
show
do I
does she
doesn't she
don't I

Total Number of Words Taught in Unity 84/128=109.
Bold, underlined text denotes participant use.
Bold, italic text indicates single icon generated words.
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have I
has she
hasn't she
haven't I
out
sit
pjjt

Hike
you like
you don't like
I don't like
keep
find
end
we're
we are
are we
food
hungry
bite
sing
laugh
funny
we can
we can't
we aren't

Table 19. Participant 2: Use of Icon Sequences Taught in the Intervention
Icon Sequences
Taught in Word
Wall Lessons

can
not
will
I
on
at
mine
is
be
want
It
play
and
she
what
in
make
have
do
like
eat
drink
are
we
more

Icon Sequences Taught in Making Words With
Icons Lessons

can't
did
I did
I didn't
a
book
read
won't
can I
lean
I can't
up
down
bad
good
not I
I won't
I want
I don't want
I don't know
I know
with
love
hug
come
bring
teach
know
is he

is she
she is
he is
his
him
her
me
can it
it can
it can't
can't it
game
person
friend
follow
because
ask
if
can she
she can
she can't
can't she
question
look
show
do I
does she
doesn't she
don't I

Total Number of Words Taught in Unity 84/128=109.
Bold, underlined text denotes participant use.
Bold, italic text indicates single icon generated words.
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have I
has she
hasn't she
haven't I
out
sit
put
Hike
you like
you don't like
I don't like
keep
find
end
isn't she
we are
are we
food
hungry
bite
sing
laugh
funny
we can
we can't
we aren't

Table 20. Participant 3: Use of Icon Sequences Taught in the Intervention
Icon Sequences
Taught in Word
Wall Lessons

can
not
will
1
on
at
mine
is
be
want
it
play
and
she
what
in
make
have
do
like
eat
drink
are
we
more

Icon Sequences Taught in Making Words With
Icons Lessons

can 1
1 can
1 can't
book
stop
read
won't
can't
did
Idid
1 didn't
bad
good
nice
mean
feel
notl
1 won't
1 want
1 don't want
1 don't know
1 know
for
sleep
food
hunary

feelinqs
he
her
him
me
his
hers
ours
can it
it can
it can't
can't it
game
win
both
because
come
love
question
where
when
time
dol
does she
doesn't she
don't 1

1 have
have 1
has she
has he
out
help
wash
Hike
you like
you don't like
1 don't like
right
wrong
need
we are
we can
can we
are we
get
stop
music
listen
sing
we aren't
we can't

Total Number of Words Taught in Unity 45=104.
Bold, underlined text denotes participant use.

Question 4 provides a more specific reporting by phase, identifying the
number of taught icon sequences used during the baseline, 1-week post
intervention and the 5-week maintenance periods outside of instructional time.
The plan was to calculate percentages, however, this did not provide a clear
reflection of participants' use of intervention icon sequences. Thus, in order to
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report the range of intervention sequences used, their overall frequency and their
daily average use, three separate frequencies are reported.
Question 4: When comparing pretest, posttest, and maintenance use of
the AAC system, is there an increase in the frequency of icon sequences
taught in the intervention?
Although the original research question does not include the time period,
during the intervention period, but outside the lessons, these data have been
included in the following figures to provide a more complete picture of
participants' spontaneous communication. In tabulating these results, words that
Participants 1 and 2 generated using a single icon (i.e. are, is, on, a, not) were
not included. Although these words were taught in the intervention, they were
not included in the current results because they are not generated using two or
more icons. (Refer back to Table 18, 19 and 20 for the intervention words used
to tabulate the results). Additionally, calculations were completed based on the
number of days when icon sequences were present. In order to fully portray the
breadth of participants' icon use, three different frequencies have been reported.
By phase, Table 21 illustrates the range of intervention icon sequences used, the
frequency of their use out of all icon sequences, and the average number of
intervention sequences used per day. All participants increased the number of
different intervention icons used by a mean of 31 icon sequences from baseline
to the intervention phase. Their daily use of intervention icon sequences also
increased by a mean of 5.75 sequences from baseline to intervention.
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Participant 1 demonstrated a decrease in the number of different
intervention icons used, dropping by 52 icons in the 1-week post phase, and then
continuing to drop by 7 icons in the 5-week phase. Her average daily use of
intervention icons was consistent with this trend, decreasing by 11.21
intervention icons per day at 1-week, and continuing to decrease by .75
intervention icons per day at 5-weeks. Participant 2 also demonstrated a
decrease in the number of different intervention icons used by 1-week post phase
dropping by 28 icons. By 5-weeks, Participant 2 makes a slight increase of
different intervention icons by one. His average daily use of intervention icons
was consistent with this trend, decreasing by 8.70 intervention icons per day at 1week, with an increase by 2.80 intervention icons per day at 5-weeks. Similarly,
over the post phases, Participant 3 decreased the number of different
intervention icons used by 31 icons at 1-week post. At 5-weeks post, he made
an increase by 11 icons, however this was still below his baseline use. His daily
average use of intervention icon sequences displayed a slightly different portrait.
Although Participant 3 used a smaller range of intervention icon sequences, his
daily average use of them increased by 4.55 icons at 1-week post, further
increasing by 1.50 icons at 5-weeks post.
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Table 21. Participant Use of Intervention Icon Sequences across all Phases
Participant 1

Participant 2

Participant 3

Phase

* °f
Different
Seq.*

Freq. of
Intvn.
Icons/
Total Seq.

Ave.
Seq. Per
Day

# of
Different
Seq.*

Freq. of
Invtn.
Icons/
Total Seq.

Ave.
Seq. Per
Day

# of
Different
Seq.

Freq. of
Intvn.
Icons/
Total Seq.

Ave.
Seq. Per
Day

Baseline

12

22/61

7.3

8

14/89

1.4

27

61/169

4.36

Outside
Intvn.

62

347/723

14.46

32

208/405

9.90

46

125/220

5.95

1Week
Post

10

13/33

3.25

4

6/39

1.2

15

42/70

10.5

5 Weeks
Post

3

5/7

2.5

5

20/49

4

25

58/125

12.00

The frequency of icon sequence use reported in the previous sections was
intended to capture icon use outside of the lessons. It was hoped that an
increased frequency might reflect participants' experimentation with icon
sequences during spontaneous communication with others. However, such
opportunities depend upon the context and environment, perhaps contributing to
the fluctuations in the frequency of icon sequences. Thus, data that focus on
participants' abilities to demonstrate their knowledge of specific icon sequences
in a directed format will be reported next, as it offers a different component of
participants' communication skills.
Pretest-Posttest Changes in Icon Sequence Use
Icon Sequencing Pretest-Posttest. All participants were highly successful
in their ability to learn icon sequencing as evidenced by the changes in their
pretest-posttest scores displayed in Figure 17. As a reminder for the reader,
during this test, participants were asked to generate icon sequences for specific
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words. For example, participants were directed to say the word "eat," which
required the icon sequence of APPLE + VERB. Scores report participants' ability
to recall specific icon sequences in response to 25 probes. Low pretest scores
are observed for all participants followed by a dramatic mean gain of 56
percentage points reflected on the posttest, a 431% increase.
Figure 17. Icon Sequencing Pretest-Postiest Performance
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Expressive Communication Pretest-Posttest. The expressive
communication task offered another opportunity to assess participants' abilities to
demonstrate their generalized knowledge of icon sequences in an open-ended
format. As opposed to the icon sequence task that required participants to select
specific icon sequences, the expressive communication task required participants
to generate as many meaningful icon sequences as they could in 10 minutes.
Figure 18 displays pretest-posttest expressive communication scores for all three
participants. The trends observed on this task are similar to those reported for the
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icon sequence task. At pretest, participants displayed little ability to generate
icon sequences resulting in a low group mean of 3.33 meaningful sequences
during the 10-minute period. Marked progress was observed at posttest with a
group mean of 22.67 meaningful sequences. The meaningful sequences were
further analyzed to reveal which of the sequences generated had been taught in
the intervention. A horizontal line has been added to each column in Figure 18 to
indicate the number of icon sequences that were taught in the intervention.
Participant 1 used two intervention icon sequences at pretest, and 15 sequences
at posttest; Participant 2 used two sequences at pretest and five at posttest; and
Participant 3 used one intervention icon sequence at pretest and six sequences
at posttest.
In addition to intervention icon sequence use, participant knowledge of
icon sequences is also reflected in the use of the activity row, a different area of
the device not addressed in the intervention, but a relevant measure of learning
icon sequences. (As described in Chapters 2 and 3, the activity row consisted of
activity specific vocabulary.) The scores on the expressive communication only
reflect the number of words successfully generated using icon sequences.
Scores do not include the number of words generated from other areas of the
device, (i.e. keyboard, activity row, activity specific pages). Interestingly, at
pretest, Participant 2 generated 136 meaningful utterances during the expressive
communication task using the activity row and only 3 using icon sequences. At
posttest, Participant 2 used the activity row to generate only 6 utterances, and
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then the icon sequences to generate 22 meaningful utterances. In contrast,
Participants 1 and 3 demonstrated markedly different use of the activity row on
the tests. Participant 1 generated three utterances from the activity row at
pretest and two utterances from a separate page at posttest. (A page is another
way of representing activity specific vocabulary. Refer back to Chapter 2 for
further description.) Similarly, Participant 3 generated 18 utterances from the
activity row at pretest and seven utterances from the activity row and one letter
from the keyboard at posttest. Refer to Appendices O, P, and Q for specific
participant expressive communication entries.
This combination of consistently low pretest scores followed by a dramatic
increase at posttest provides further evidence to suggest that all participants
learned and generalized icon sequences as a result of the intervention.
Figure 18. Pretest-Posttest Changes in Expressive Communication

Hori2ontal line on columns denotes number of Intervention icon sequences.
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Facilitator Expressive Communication Pretest-Posttest
Participants' expressive communication pretest-posttest results
demonstrated that they were successful in learning and generalizing icon
sequences. Like the participants, the facilitators also completed 10-minute
expressive communication tests. Although the facilitators' use of icon sequences
does not address any of the research questions, the facilitators' understandings
and use of sequences has important implications for identifying effective literacy
and communication instruction for students with CCN. The scripted nature and
structure of the intervention lessons was designed not only to provide instruction
to the participants, but to also teach the facilitators the rules governing icon
sequencing. Facilitator pretest-posttest scores in Table 22 demonstrate their
success in learning icon sequences, including those taught in the intervention
lessons. A group mean gain of 110 icon sequences suggests that the
intervention was effective in teaching all facilitators icon sequencing. The
implications of these results are addressed in Chapter 5.
Table 22. Facilitator Expressive Communication Pretest-Posttest Performance

Facilitator 1

Facilitator 2

Facilitator 3

Pretest Icon
Sequences

15
(8)

Tl8
(4)

32
(9)

Posttest Icon
Sequences

140
(34)

265
(24}

90
(30)

Scores are based on the total number of icon sequences generated.
Scores in () indicate the number of intervention icon sequences included in the total
number of icon sequences.
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Summary
The frequency with which participants used icon sequences was high
during the intervention, with the exception of Participant 3, and low during all
other phases of the study. Across all of the data, there is a high variability of
day-to-day icon sequence use that may appear to suggest little impact from the
intervention. However, performance on the Icon Sequencing and Expressive
Communication tasks at posttest suggest that this was not the case. The
participants did learn the icon sequences taught in the lessons and generalized
that knowledge to other icon sequences over time. Facilitator pretest-posttest
results also confirm the facilitators' ability to learn icon sequences over time,
consistent with the student participants. The intervention had a dual focus on
communication and literacy learning. Clearly the intervention had a positive
impact on the participants' use of icon sequencing to support their
communication. In the following section, the results pertaining to participants'
use of letters to spell words to support communication will be described.
Participant Letter Use
Understanding participants' use of letters for spelling, another key
component of the intervention, is necessary to understanding the full impact of
the intervention. Results will focus on the frequency with which individual letters
were selected. The reporting of the frequency of letter selection will be balanced
by the results of how participants used letters for their spelling attempts.
Participants' spelling attempts at pretest and posttests on the word generation

209

and developmental spelling tasks will be presented as will an analysis of all
spelling attempts across the phases of the intervention.
The frequency of letter selections has been calculated to address
Question 5 and its sub-questions as follows:
Question 5: Is there a change over time in the number of letters that
students generate?
a.

During the intervention lessons?

b.

Outside of the intervention on each day that at least one lesson is
completed?

c.

Immediately following the completion of the intervention?

d.

During a follow-up, maintenance period?

Letter Use during the Intervention Lessons
The lessons using letters have particular importance in teaching
participants how to read and spell. Participants need this skill, not only to
become literate, but also to spell and communicate words that are not available
on their device as single units or sequences. As with measures of icon use,
reporting results about participants' total number of letter attempts during all of
the lessons does not provide information about their responses within individual
lessons. As discussed in Chapter 3, these results don't address the number of
correct responses. Instead it is believed that the frequency with which letters are
used may be an indicator of participants' engagement with the lesson and their
experimentation with different letters. This experimentation may impact the
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developmental understandings of letters that go together and those that don't
(Adams, 1994). As described earlier, comparing the number of participant
attempts to the number of expected responses was a way to examine their level
of experimentation with the letters during spelling. During the letter-based
lessons, the number of participants' attempts fluctuated from lesson to lesson,
but for the vast majority of the Word Wall lessons and the Making Words with
Letters lessons, all participants selected at or beyond the number of expected
letters. In contrast to icon use, marked increases in letter use were not seen for
any particular type of lesson and the overall trend was steady use. Overall, in
response to question 5a, there were no increases in letter use over time during
Word Wall lessons. During Making Words with Letters lessons, there were no
increases in letter use for Participant 1, however they were observed for
Participants 2 and 3.
Determining the Ratio of Letters Selection during the Lessons. During Word Wall
and Making Words with Letters lessons, participants were directed to select a
pre-determined number of letters to spell words. The dependent variable is a
count of the number of times a letter was selected using the AAC device in an
effort to spell a word. As with the icon sequence use during lessons, a ratio of
use was calculated using the number of participant responses divided by the
expected number of responses for each lesson. The example in Table 23
displays LAM data from Word Wall lesson 6a depicting the lesson directives to
spell words and the resulting participant's responses. During the lesson,
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Participant 2 has been directed to spell the words: "at," "mine," and "is," which
require 8 letter attempts. If he selected each of the 8 letters and only those 8
letters, he would have completed 100% of the lesson directives resulting in a
ratio of 1. However in this lesson, Participant 2 generated an additional 4 letters.
He went above the lesson directives with 12 total attempts divided by the 8
expected, resulting in a ratio of 1.5. In Participant 2's example, it is clear that
some of his attempts were not successful, however, his attempts were counted
regardless. The ratio is calculated using the total number of participants'
attempts and does not report whether attempts were correct. In the process of
using extra letters, it is possible that he experimented, realized his selections
were incorrect, but was able to problem solve to use the correct letters. The LAM
data does not provide information regarding letters that are deleted; therefore,
both incorrect and correct letters are included in the count. The frequency of
participants' attempts may reflect their level of engagement and problem solving
with the letters that is typical of beginning spellers. Over time, their frequency of
use of letters may decrease as their accuracy in spelling increases. For
example, as his skill increases, Participant 2 may later spell "mine," using only
four letters.
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Table 23. LAM Excerpt from Word Wall Lesson 6a Demonstrating Lesson
Directives to Spell Words and Participant 2 Responses
Lesson
Directive
Spell "at."
Spell "mine."

Spell "is."

Participant
Response
a
t
m
u
m
i
n
e
0

i
d
s

Ratio
Expected
Expected
Expected
Expected
Expected
Expected
Above
Above
Expected
Expected
Above
Above

Frequency of Participants' Letter Selections duringWord Wall Lessons.
Although, participants' attempts remained at or above what was expected for a
mean of 88% of the lessons, their use of letters decreased over time. Depending
on the lesson, participants had 13-15 opportunities to use letters to spell a range
of words. Figures 19, 20 and 21 display their gradual decrease in letter use. A
horizontal line has been added to delineate the participants' selection of 100% of
the lessons' requested letters. Recall that it is possible for participants to
produce more than the expected number of letters as indicated by ratios that
exceed 1.0 with the data points above the horizontal line. The figures display the
variability in performance that has been present in previous sections, with
Participant 3 showing the least amount of variability in performance. Although
Participant 1 demonstrates a slight downward slope in the overall number of

213

letter selections, all of her letter selection counts were above levels required in
the lessons with a mean ratio of 1.47 (range, 1 to 2.62). She demonstrated a
mean of 22.12 letter selections per day, with selections ranging from 13 to 34.
On 7 lessons, Participant 2 selected letters below the expected number with an
average ratio of 1.13 (range, 0 to 1.69). His selections ranged from no attempts
to 28 attempts, with an average of 16.88 letter selections per day. Participant 2
made no selections during lesson 18 as the lesson consisted of adult modeling
exclusively. Participant 3 had the greatest decline in the number of letter
selections during lessons with 2 lessons below the expected selections resulting
in an average ratio of 1.22 (range, 0.64 to 1.92). Across the intervention,
Participant 3 made an average of 18.21 letter selections per day with his
selections ranging between 12 and 25. Lesson 23 data is missing due to a brief
malfunction in Participant 3's device.
Figure 19. Participant 1: Ratio of Letter Selections to Expected Letter Selections
during Word Wall Lessons

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Word Wall Lesson Number
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Figure 20. Participant 2: Ratio of Letter Selections to Expected Letter Selections
during Word Wall Lessons
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Figure 21. Participant 3: Ratio of Letter Selections to Expected Letter Selections
during Word Wall Lessons
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Frequency of Participants' Letters Selections during Making Words with
Letters Lessons. Participants' letter attempts were at or above what was
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expected for a mean of 92% of the lessons. Participants 2 and 3 did
demonstrate an increase in letter selection during the intervention and although
all of Participant 1 's responses were at and above what was expected, she did
not increase her use of letters over time. Specific results are presented in
Figures 22, 23 and 24. Similar to her Word Wall lesson performance, Participant
1 made letter selections above the required amount with a ratio of 2.17 (range
1.0 to 4.0), and she had the highest level of letter selections per day with a mean
of 10.12 an a range of 2 to 22 letters. Although Participant 2 made the greatest
overall increase in letter selections, there were four lessons where the number of
targeted letters was not achieved. However, Participant 2's mean ratio was 1.66
(range, 0.5 to 4.5). He selected an average of 8.08 letters per day with a wide
range of selections from 3 to 27 letters per day. In comparison, Participant 3 had
a mean ratio of 1.24 (range, 0.33 to 3.17) of observed and expected letter
selections, and did not select the indicated letters for only two lessons. From a
range of 0-19 letters, he selected an average of 5.6 letters per day across the
intervention lessons. Data were not recorded for Participant 3 on lesson 23 due
to a brief malfunction of the device.
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Figure 22. Participant 1: Ratio of Letter Selections to Expected Letter Selections
during Making Words with Letters Lessons

*• 0.50

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Making Words with Letters Lesson Number

Figure 23. Participant 2: Ratio of Letter Selections to Expected Letter Selections
during Making Words with Letters Lessons
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Figure 24. Participant 3: Ratio of Letter Selections to Expected Letter Selections
during Making Words with Letters Lessons
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Frequency of Letter Selections across Baseline and Post Intervention Periods.
Similar to the reporting of previous frequencies for letter use during the
lessons, participants' use of letters across all of the phases of the study will be
described here. For all participants, there was an increase in letter use during
the intervention with an overall increase by the 5-week post phase. As with
previous frequency results, variability from day to day was high and will be further
addressed by question 5 and its three subparts.
Question 5: Is there a change over time in the number of letters that
participants generate?
b. Outside of the intervention on each day that at least one lesson is
completed?
c. Immediately following the completion of the intervention?
d. During a follow-up, maintenance period?
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The baseline data were not a part of the original questions 5b, 5c and 5d,
but these data have been included in the figures to provide a more complete
picture of the change in the use of letters over time for the participants. It is
important to note that during baseline and in post phases, participants engaged
in their regular school word instruction program. In order to identify this time,
school staff was instructed to enter their names and "start now" and "stop now,"
to designate regular classroom instructional activities. By staff report, these
activities consisted of dictation, copying and answering questions. In order to
capture the frequency of letter use during participants' spontaneous, unprompted
spelling attempts, data from these identified instructional times were not included
in the frequency counts or in the analysis of spelling attempts. Additionally, data
from structured speech and language sessions were not included for analysis.
As described earlier, these were factors only for Participants 1 and 3. In addition
to the excluded data reported earlier, data from Participant 1 were excluded from
five days for copying: two days during the intervention, one day during the 1week post phase and two days during the 5-week post phase. On days when
this occurred, only the data from the particular activity was excluded, leaving the
remaining entries to be coded.
Figures 25, 26 and 27 reveal fluctuations in the dependent variable, the
frequency of letter selections. Participant 1 's use of 547 letters on the final day of
the intervention, outside lessons, may impact the full visibility of the fluctuations.
Participant 1 's LAM data revealed a substantial amount of what appeared to be
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copying. By her mother's report and by researcher observation, Participant 1
enjoyed repeatedly copying 3-4 sentences from her favorite book. To eliminate
the skewing of the data with large number of letter selections produced by
copying, a rule was made for all of the participants to determine what letters
would be counted when repetition was present. After a word or phrase was
spelled four or more times within the time period, it was considered to be
copying. In these cases, only the first two attempts were coded and included for
analysis.
Calculating overlap between phases, as described earlier, is needed due
to the wide variability in data points. All phases have an overlap of greater than
75% for all participants with the exception of a 60% overlap between 1 Week
Post and 5 Weeks Post for Participant 2. Once again, the day-to-day variability
with high overlap warrants the inspection of mean levels across phases. Some
of the variability is impacted by numerous days when participants did not make
any attempts that included letters. Out of all the days when the device was
available, Participant 1 did not make any spelling attempts on two days during
the intervention period. Participant 2 did not make any spelling attempts on eight
days, specifically on four baseline days, three intervention days (outside of the
lessons), and one day during the 1-week post period. Participant 3 did not make
any spelling attempts on five days; three days occurred during baseline, and two
were outside of instruction during the intervention.
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Examination of mean levels across phases indicates that all participants
demonstrated an increase in letter use from baseline to intervention, with
Participant 3 continuing to show increases over the post phases. Both
Participants 1 and 2 show a trend toward increased use of their devices to try to
communicate more words through spelling as they completed more lessons. The
average number of letters Participant 1 selected increased from 46.80 (range: 0
to 106) during baseline to 67.46 (range: 0 to 547) during intervention, to 129.40
(range: 2 to 274) during the 1-week post phase, and then dropping to 53.60 at
the 5-week post (range: 1 to 161). Although Participant 1 made an increase in
letter use over the first 3 phases, she did not sustain this through the final 5Week phase. Participant 2 demonstrates similar gains. During baseline,
Participant 2 selected an average of 42.50 (range: 0 to 212) letters. This
increased to 72.67 (range: 0 to 213) during the intervention, and decreased to
24.20 (range: 0 to 85) during the 1-week post phase before increasing again
110.00, (range: 9 to 230) during the 5-week post phase. Participant 3 shows a
consistent increase over time in the number of letters selected with means of
20.41 (range: 0 to 62), 31.28 (range: 0 to 111), 39.40 (range: 6 to 118), and
52.80 (range: 23 to 94) across the four phases.
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Figure 25. Participant 1: Frequency of Letter Selections across Ail Phases
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Figure 26. Participant 2: Frequency of Letter Selections across All Phases
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Figure 27. Participant 3: Frequency of Letter Selections across All Phases
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While these results document an increase in letter use, it was not clear
what participants were spelling with the letters they selected. Examining
participants' attempts on the word generation task may provide information about
the generalization of intervention skills to their spelling abilities.
Word Generation Pretest-Posttest Changes
All participants displayed the weakest performance in the word generation
tests relative to other pretest-posttest areas. Displayed in Figure 28, an increase
is seen with a mean of 6.67 words being generated at pretest and 10 words at
posttest. During the 10-minute task, Participant 2 was the only one to make a
slight decrease in skill (one word) from pretest to posttest.
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Figure 28. Word Generation Pretest-Posttest Performance
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While pretest-posttest scores report the number of correctly spelled words
from the 10-minute period, the content of the words themselves provide useful
information about the impact of the intervention. The specific words generated
by each student are provided in Appendices R, S, and T. Participant 1 's pretest
reveals a limited scope of words that include two personal names and four words
taught in the intervention: cat, mat, rat, a. At posttest, an increase in number of
attempts and an expanded scope of words is observed. Participant 1 includes
five word wall words: eat, can, in, we, she. She also includes one word from the
Making Words with Icons lessons: you, and five words from the Making Words
with Letters lessons appear: sat, tin, ton, rat, cat.
Participant 2 demonstrated the only decrease in all of the test areas from
pretest to posttest with, a slight decrease in the number of words generated. He
included a word wall word in his pretest: /, and one at posttest: and. At pretest,
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Participant 3 wrote one word wall word: I, and one from a Making Words with
Letters lesson: a. However, at posttest, out of his ten responses, he includes five
word wall words: /, and, in, she, eat. He also wrote a word from the Making
Words with Icons lesson: game, and one from the Making Words with Letters
lessons: ran. The above results are reported for correctly spelled words only.
Further information can be gained about participants' spelling through the
analysis of attempts on the developmental spelling tests and spelling attempts
across all phases of the study whether or not the words were spelled correctly.
Developmental Spelling Pretest-Posttest Changes
As reported in an earlier section, all participants made measurable gains
in developmental spelling as demonstrated in their pretest-posttest scores. In
this section, participants' spelling attempts will be reported in multiple formats.
Word level analysis of participants' pretest-posttest spelling attempts will be
reported first using a stage classification system (Gentry, 1982, 2000), and the
second analysis will be conducted using a point system developed for this
particular population of students (Erickson, 2003). Analysis of Pretest-Posttest
Spelling Attempts Using Gentry's Developmental Spelling Stages (1982, 2000).
Gentry's stages of developmental spelling have commonly been used to classify
the spelling attempts of typically developing students into the following stages:
pre-communicative, semi-phonetic, phonetic, transitional, or correct/conventional.

A review of the stages of developmental spelling is provided in Table 24.
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Table 24. Gentry's Stages of Developmental Spelling (Samples from Bissex,
1980)
Spelling Stage

Spelling Characteristics

Example

Precommunicative

Scribble
Letters like forms
No recognizable words

SSHIDCA

Semi-phonetic

Beginning sound spelling
Represents word with 1 or more letters
May use a letter name for it's name
Vowel may or may not be used

RUDF

Phonetic

(Are you deaf?)

Words include vowels

IFU LEV AT THRD STRET I WEL
KOM TO YOR HAWS THE ED
(If you live at Third Street I will come
to your house The End.)

Transitional

Sound spelling decreases
Spells more words correctly
Spells words with more features, such as
silent e, patterns, blends

FAKTARE'S CAN NO LONGER
OFORD MAKING PLAY DOW
(Factories can no longer afford
making play dough.)

Conventional

Correctly spelled words

ANYTHING IN PARTICULAR THAT
YOU WANT THIS CHRISTMAS?

Refined sound spelling with more
sounds represented in word

Participants' classification into a particular stage requires that 50% or
more of their attempts fall into that stage. Analysis of the spelling attempts
represented in Tables 25, 26 and 27, indicates that Participants 1 and 3 are
considered "semi-phonetic" spellers and participant 1 is a "pre-communicative"
speller. On Participant 1 's pretest and posttest, 8 out of the 12 attempts are
classified as semi-phonetic, with the presence of pre-communicative and
conventional attempts. Although Participant 2 demonstrates an increase in the
number of spelling attempts at posttest, the majority continue to be precommunicative with the emergence of semi-phonetic spellings. Participant 3's
posttest attempts continue to be characterized as semi-phonetic spelling,
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although the emergence of phonetic and conventional spelling is clear. Through
inspection of participants' spelling attempts, it is clear that they made important
progress in their ability to represent and sequence correct phonemes in their
efforts to spell. However, based on the Gentry's stages, participants'
classification as spellers remained the same and did not reflect improvement
across the pretest-posttests. While these stages offer one method of assessing
developmental spelling attempts, they may not be sensitive enough to detect the
small changes that are unique to this population. The stages may not be able to
detect the changes that could occur given the short duration of the intervention,
thus, a more detailed method of spelling analysis is warranted.
Table 25. Participant 1: Pretest-Posttest Developmental Spelling Classification
Using Gentry's Developmental Spelling Stages (1982, 2000)
Target
Word

back
sink
mail
dress
lake
peeked
light
dragon
stick
side
feet
test

Pretest

bik
sin
miit
s
kloo
b
I
t
y]
d
e
s

im

Gentry Stage

liPf

Phonetic
Semi-phonetic
ilsHp
VlSSEFfc
Semi-phonetic
^aSSS?
Semi-phonetic
ujjgHJHg
Semi-phonetic
Pre-communicative
| i | |
Semi-phonetic
Pre-Communicative
Pre-communicative T B B
^Ssfc
Semi-phonetic
Semi-phonetic
Semi-phonetic
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Posttest

Gentry Stage

bur
s
mmm
t
Ike
pos;
Las
y
s
dd
s
tes

Semi-phonetic
Semi-phonetic
Semi-phonetic
Pre-communicative
Phonetic
Semi-phonetic
Semi-Phonetic
Pre-communicative
Semi-phonetic
Semi-phonetic
Pre-communicative
Semi-phonetic

Table 26. Participant 2: Pretest-Posttest Developmental Spelling Classification
Using Gentry's Developmental Spelling Stages (1982, 2000)
!

Target
Word
back
sink
mail
dress
lake
peeked
light
dragon
stick
side
feet
test

Pretest

Gentry Stage

—
—
s
op
spii
gd

Pre-communicative
Semi-phonetic
Pre-communicative
Semi-phonetic

u

Pre-communicative

Posttest

Gentry Stage

r
ma

Pre-communicative
Semi-phonetic

m
—
la
darrg
srdddihhh

Pre-communicative
Semi-phonetic
Semi-phonetic
Pre-communicative

tgfhzxzxzxhhsff Pre-communicative
foor
Semi-phonetic
ewuzysyshyuyuy Pre-communicative
tkkrbbkfkprprpry

Table 27. Participant 3: Pretest-Posttest Developmental Spelling Classification
Using entry's Developmental Spelling Stages (1982-2000)

Target
Word
back
sink
mail
dress
lake
peeked
light
dragon
stick
side
feet
test

Pretest
back
s
mela
deass
leek
pe.
I.
deai.
ckick

Gentry Stage
Correct/conventional
Semi-phonetic
Semi-phonetic
Semi-phonetic
•
Semi-phonetic
Semi-phonetic
Semi-phonetic
v„«^
Semi-phonetic
'
Semi-phonetic
_r"

—

—

feei
tees

Semi phonetic
Semi-phonetic

:\
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Posttest

Gentry Stage

back
sit
mell
dress
la
pe
lit
dra
si
sid
feet
test

Correct/conventional
Semi-phonetic
Phonetic
Correct/conventional
Semi-phonetic
Semi-phonetic
Phonetic
Semi-phonetic
Semi-phonetic
Phonetic
Correct/conventional
Correct/conventional

Analysis of Pretest-Posttest Spelling Attempts Using Erickson's
Developmental Spelling Scoring System (2003). The Developmental Spelling
Scoring System (Erickson, 2003) was designed for use with beginning spellers,
including students with CCN. All pretest-posttest spelling attempts were scored
using this system. Individual participants' attempts were scored based on their
ability to include correct letters from the target word, represent initial and final
consonants, and include vowels. Developmental spelling is typically an area
where changes occur over long time periods, however during this short 6-week
intervention participants' made gains in all areas using this scoring system with a
total mean gain of 13.34 points from pretest to posttest as displayed in Table 28.
Table 28. Individual Developmental Spelling Scores Group Means

Score Area

Group Mean

General
Initial-Final Consonant
Vowel
Total

Pretest

Posttest

15.83
8.83
2.5
27.16

21
14.83
4.67
40.5

Tables 29, 30 and 31 display all participants' spelling attempts and scores.
Variability in spelling across words is observed for Participant 1 at pretest. At
posttest, some of her attempts appear to reflect decreased skill in comparison to
pretest. For example, the target word "back," was spelled as "bik" at pretest and
then "bur" at posttest. Additionally, the target word "sink" was spelled as "sin," at
pretest and then "s" at posttest. However on other words, she increased her use
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of initial-final consonants as demonstrated in her ability to write "lake," which she
spelled "kloo," at pretest and "Ike" at posttest.
Reported by his teacher to be a reluctant speller, Participant 2 made the
most dramatic gains in his spelling ability. First, he had an increase in the sheer
number of attempts he made across the tests, from five attempts at pretest to
nine attempts at posttest. His overall 18-point pretest-posttest gain is comprised
of significant increases within each area. His progress from zero to five points on
the initial-final consonant use combined with the zero to three point gain on use
of vowels has important ramifications for the acquisition of spelling skills that will
now allow him to begin to spell recognizable words. While Participant 2
demonstrated the lowest pretest score, Participant 3 demonstrated the highest
pretest score. Although Participant 3 already demonstrated some skill in this
area, he made an overall increase of 20 points, with half of those points earned
through his increased ability to represent initial-final consonants at posttest.
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Table 29. Participant 1: Pretest-Posttest Spelling Attempts Scored with Erickson
Point System
Target
Word

Pre
test

General

InitialFinal

Vowel

Total

Post
test

General

InitialFinal

Vowel

Total

back
sink
mail
dress
lake
peeked
light
dragon
stick
side
feet
test

bik
sin
miit
s
kloo
b
I
t
y]
d
e
s
Total

2
3
2
1
2
0
1
0
0
1
1
1
14

2
2
1
1
0
0
1
0
0
1
0
.5
7.5

.5
1
1
0
0
0
0
0
0
0
0
0
2.5

4.5
6
4
2
2
0
2
0
0
2
1
1.5
24

bur
s
mmm
t
Ike
pos;
las
y
s
dd
s
tes

1
1
1
0
3
1
1
0
1
1
0
3
13

1
1
1
0
2
1
1
0
1
1
0
1.5
10.5

.5
0
0
0
0
.5
.5
0
0
0
0
1
2.5

2.5
2
2
0
5
2.5
2.5
0
2
2
0
5.5
26

Table 30. Participant 2: Pretest-Posttest Spelling Attempts Scored with Erickson
Point System
Target
Word

Pre
Test

General

InitialFinal

Vowel

Total

back
sink
mail
dress
lake
peeked
light
dragon
stick

—
—
—
—
s
op
spii
gd
—

0
0
0
0
0
1
1
2
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
1
1
2
0

side

u

0

0

0

0

feet
test

—
—

0
o

0
0

0
0

0
0

4

0

0

4

PostTest

'Mi

Genera;

InitialFinal

Vowel

Total

14

5

3

22

r
ma
m

f
.-I
• yr..

A

la
darrg
srddd
ihhh
tghfh
zxzx
hhsff
foor
ewuz
ysys
hyuy
uytkk
rbbkf
kprpr
pry

Total
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Table 31. Participant 3: Pretest-Posttest Spelling Attempts Scored with Erickson
Point System
Target
Word

Pre
test

General

InitialFinal

Vowel

Total

back
sink
mail
dress
lake
peeked
light
dragon
stick
side
feet

back
s
mela
deass
leek
pe.
I.
deai.
ckick
—
feei

4
1
3
4
3
2
1
2
3.5
0
3

4
1
1
3
2
1
1
1
2.5
0
1

0
1
.5
1
.5
0
0
0
1
0
0

9
2
4.5
8
5.5
3
2
3
7
0
4

test

tees

3

1.5

1

29.5

19

5

Total

Post
test

General

InitialFinal
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Comparisons of participants' attempts demonstrate the unique
characteristics of this population. Students with CCN often include correct letters
from a desired word, however in the wrong order or position. Frequently, the first
letter of the spelling attempt is represented by the sound(s) they heard last in the
target word. Inspection of Participant 1 and 2's attempts are characteristic of
what has been anecdotally observed in the spelling of other students with CCN.
For example, as described in the previous section, Participant 1 attempted to
spell the word "lake," and at pretest spelled "kloo." Her progress is observed with
her posttest attempt of "Ike." For the word "test," she spells "s," at pretest and
then "tes" at posttest. Similarly, Participant 2 spelled "dragon" as "gd," at pretest,
with his growth observed at posttest with "darrg."
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Other interesting observations can be made when looking closely at
Participant 1 and 2's pre-communicative and semi-phonetic attempts. Their
scores reflect primarily their decoding skills, an observation which may be
expected given their early spelling skills. Although they were not able to
represent phonemes for two syllable words, their emerging knowledge of
orthographic conventions (how print looks) was perhaps observed in two of their
attempts. Participant 1 's attempt to spell "lake," may show her beginning
awareness of a silent e: at pretest she spelled "kloo" and at posttest spelled "Ike."
When Participant 2 was asked to spell "feet," at pretest he made no attempt, and
at posttest spelled, "foor." His attempt may demonstrate his awareness of the
orthographic feature of double vowels in the target word. Although Participant 3
spellings include semi-phonetic attempts, he has more advanced spelling skills,
with the ability to represent the majority of phonemes. His developmental
spelling scores were more reflective of his understanding of orthographic
conventions and rules. It is apparent through all of these examples that spelling
offers a wealth of information for documenting participants' of reading skills.
The above results provide further evidence that all participants made gains
in their developmental spelling skills as posed by Question 2. Additional
information about the subtle changes and generalization in developmental
spelling can be further understood by identifying and quantifying participant
spelling samples during all phases, including the intervention period.
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Analysis of Spelling Attempts Made during the Intervention
The current intervention focused on icon use to foster communication, and
also letter use to promote spelling. As reported earlier, all of the participants
demonstrated clear evidence of increased spelling skills based on their
developmental spelling posttest scores. To examine how these skills generalized
to other tasks, participants' spellings were examined outside of instructional times
across all phases. Consistent with other findings reported so far, participants'
frequency of letter use varied from day to day, but despite this, all participants
made changes in the number of correctly spelled words over the course of the
study. Specific results are reported in response to Question 6.
Question 6: Outside of the intervention, on each day that at least one
lesson is completed, is there a change in the number of correctly spelled
words?
The analysis for Question 6 involved the use of the LAM data.
Unfortunately, the LAM recorder does not record participants' use of the delete
button to delete a letter, making it impossible to identify participants' final spelling
attempts. For example, the LAM data may show that a participant spelled c-a-tm-s. However, the LAM data does not show the deletions that participants made.
In this case, the participant may have deleted the last two letters to spell the word
cat correctly or the participant may have deleted the m and spelled cats correctly.

Because it was not possible to know participants' final spelling intentions,
analysis of misspelled and phonetically spelled words could not be completed. In
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addition to LAM limitations, the researcher lacked contextual knowledge needed
to understand all spelling attempts. The only data that were possible to analyze
were correctly spelled words. However, even these should be interpreted with
caution, as it is possible that participants went back and made deletions.
In order to answer Question 6, the same analyses will be used to examine
the spelling attempts as used in the previous sections. Although Question 6
targets only the intervention period, as in previous sections, the other periods
have been included to provide a more complete view of changes in participants'
spelling abilities. As mentioned earlier, participant data that reflected structured,
directed word study activities and activities such as copying were not included in
this analysis. As reported earlier, these were factors only for Participants 1
and 3.
As it was not possible to analyze misspelled words that appear in the LAM
data, participants' gross attempts with spelling are reported in Table 32. Spelling
attempts were defined as clusters or groups of letters that may or may not
contain word attempts. Groups or clusters were defined by beginning with a
capital and being bordered by any of the following: space, punctuation mark,
number, icon sequence, page change, or an entry from another part of the
device. Table 32 reports the total number of days when spelling attempts were
present, the total number of spelling attempts identified during each period, and
the average number of spelling attempts from each period. From baseline to
intervention, a slight mean increase of 2.62 spelling attempts per day is observed
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for all participants. During the 1-week post period, Participant 2 makes 9.08
attempts per day decrease while Participants' 1 and 3 make increases of 17.73
and 2.6 attempts per day respectively. In contrast, during the 5-week post
period, Participants 1 and 3 have respective decreases of 13.0 and 1.8 attempts
per day, while Participant 2 makes a 13.35 attempt per day increase. Participant
3's overall smaller numbers may be reflective of his method of accessing his
communication device. His use of switches to select letters is markedly slower
than the other participants who are able to touch the letters directly with their
fingers.
Table 32. Number of Days when Spelling Attempts were Present and Number of
Attempts Identified
Participant 2
(5 Day Baseline)
Period

Participant 2
(10 Day Baseline)

Participant 3
(15 Day Baseline

Days
Spelling
Present

Spelling
Attempts

Days
Spelling
Attempts

Spelling
Attempts

Days
Spelling
Attempts

Spelling
Attempts

Baseline

4

Total 35
Per Day: 27.5

6

Total: 60
Per Day: 14.33

10

Total: 55
Per Day: 5.5

During
Intervention

4

Total: 215
Per Day: 9.77

21

Total: 301
Per Day: 14.33

5

Per Day: 8.00
Total: 8.00

1 Week
Post

4*

Total: 110
Per Day: 27.5

4

Total: 21
Per Day: 5.25

5

Total 53
Per Day: 10.6

5 Weeks
Post

4*

Total: 58
Per Day: 14.5

5

Total: 93
Per Day: 18.60

5

Total: 44
Per Day: 8.8

Total

34*

Total: 418
Per Day: 12.29

36

Total 475
Per Day: 31.19

40

Total: 312
Per Day: 7.8

•Includes Copying Attempts: 2 intervention days, 1 day during 1-week period, and 2 days during
5-week period.
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As described, the number of correctly spelled words was used to assess
changes in participants' spelling. Correctly spelled words were defined as those
that began with a capital or words that were freestanding with no other letters
associated with them. Words that were surrounded by numbers and/or
punctuation (but not other letters) were also included. While each of these words
in final forms is spelled correctly, each should be interpreted with caution as
participants could have gone back to change an initially correctly spelled word.
While the process for selecting correctly spelled words to include in the
analysis severely restricts the overall pool of words, the number of participants'
correctly spelled words increased across the phases of the study. Figures 29, 30
and 31 display the number of correctly spelled words generated each day by
participants. Consistent with the previously reported day-to-day data, fluctuations
are observed. Although there is a general upward trend observed for all
participants, overlap between phases is high. With the exception of a 25%
overlap between baseline and intervention for Participant 2, there is an overlap of
80% or greater for all the participants between all other periods indicating small
changes.
As with previous day-to-day data, examining participants' mean levels of
performance during each period provides more insight into their spellings.
Participant 1 correctly spelled an average of 3.4 words per day during baseline
(range, 0 to 7) but decreased to 2.14 words during the intervention (range, 0 to
14). During the 1-week period an increase to 3.4 words per day was observed
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(range, 0 to 9), followed by a slight decrease to 3.2 per day at the final 5-week
period (range, 0 to 8). For Participant 1, high levels of correctly spelled words
were observed at the end of the intervention and 1 -week and 5-week post
periods. This increase may not reflect a change in skill as the classroom
instruction she received outside the intervention included extensive copying.
Although data from parts of five days were removed from the LAM reports for
Participant 1, this copying likely carried over outside direct instruction time.
The average number of words that Participant 2 spelled correctly was 0.9
per day during baseline (range, 0 to 4), increasing to 3.33 during the intervention
(range, 0 to 15), and after decreasing to 0.8 words per day at the 1-week post
period (range, 0 to 2). At the final period, Participant 2 increased to 4.2 words
per day (range, 2 to 5). Lastly, Participant 3 spelled an average of 1.13 words
per day during baseline (range, 0 to 5), with an increase to 2.68 words over the
intervention (range, 0 to 15), followed by a continued increase to three words at
the 1-week post period (range, 0 to 13), and ending with a decrease to 2.2 words
in the final period (range, 0 to 5).
Across all phases of the study, the three participants demonstrated
improvements in their ability to spell words. While the results must be interpreted
with caution given the limitations of the LAM, they do suggest that the three
participants generalized the skills they acquired during the intervention and
applied them across the day.
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Figure 29. Participant 1: Correctly Spelled Words across All Phases
Baseline

Intervention

1 Week Post, 5 Weeks Post

Figure 30. Participant 2: Correctly Spelled Words across All Phases
Baseline

5 WeBks
Post

9

11 13 15 17 19 21 23 26 27 29 31 33 35 37 39 41 43 45 47

Days

239

Figure 31. Participant 3: Correctly Spelled Words Across All Phases

Baseline

1 Week
Post'

?

5 Weeks
Post

Summary
The previous six sections have provided a wealth of results regarding
participants' abilities to read, spell and communicate as measured through
pretest and posttest assessments as well as repeated measures associated with
a single subject design. For a population that is typically hard to assess and slow
to make progress, a number of positive changes were reported over the short, 3month study. Participants' posttests demonstrate gains in knowledge of the
items taught in the intervention as well as generalization of that knowledge.
Despite their gains on the components of the posttest, outside of the intervention,
all participants demonstrated wide day-to-day fluctuations in their frequency of
icon sequence use and letter use. Discussion of each of these areas will follow
in Chapter 5.
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CHAPTER 5
DISCUSSION
Students with CCN Becoming Readers. Writers and Communicators
The intent of the study was to examine the effects of integrated literacy
and communication instruction for students with CCN. As a group, this
population of students struggles to become successful readers, writers and
communicators. Multiple barriers including low expectations, limited
opportunities, fragmented content, and behaviorist-based instructional
approaches perpetuate what is often a life long struggle. The results of the
current study, one that was unique in that the intervention was developed from a
constructivist-based approach to learning, offer cause to recognize and question
the unspoken assumptions that underlie these barriers. Furthermore, the
findings contribute to mounting evidence that students with CCN can learn to
read, spell and communicate when given regular opportunities to engage in the
type of regularly occurring, rich, systematic instruction afforded to students
without disabilities.
Theoretical Underpinnings of the Intervention
Recognizing the constructivist based learning orientation and theory that
ground the current study provides an important framework for the entire
discussion of the results. It contrasts sharply with the operant based approaches
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recommended in current, prominent, special education texts addressing
communication and literacy for students with significant disabilities through
errorless learning to shape students' specific external behaviors (Browder,
Courtade-Little, Wakeman,& Rickelman, 2006; Westling & Fox, 2004). Best
practices in literacy instruction for the general education population are grounded
in a constructivist approach. Collectively, these best practices focus on making
meaning from print, and provide students with a range of opportunities to
experiment, make errors and grow as problem solvers, all of which contribute to
the development of internal cognitive understandings. The constructivist view is
reflected in the theoretical model of reading that grounds the intervention
employed in the current study: Adams' model of word reading (1990). Adams'
model describes successful word reading as requiring the active development of
four cognitive processors that students rely upon to recognize and make meaning
from the printed word. Word reading is achieved through the orchestration of
these processors, more specifically known as the orthographic processor, the
phonological processor, the meaning processor, and the context processor. In
the current study, the intervention was intended to address each of the cognitive
processors and the assessment battery was designed to assess skills in each of
the four areas as well as the integration of the four.
The discussion is organized with respect to participants' progress in
relation to constructivist based learning as reflected in the successful
development of the four cognitive processors. The context within which
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intervention occurred was believed to contribute to participant change, offering
important information for organizing instruction. The participants' success with
the cognitively driven intervention provides evidence that this population can be
actively engaged in constructing their cognitive understandings relative to
reading: instruction does not have to be reduced to operant approaches to
shaping student responses. This is a significant finding with profound implications
for the field of special education.
The Value of Integrated Word Reading Instruction
Sight Word Instruction
For students with CCN, sight words are commonly the focus of reading
instruction with little, if any, attention to phonics. Sight words are frequently
taught in an isolated fashion through repeated trials with a continuous time delay
procedure (Billingsley, 2003; Browder & Xin, 1998; Westling & Fox, 2004). Often,
words are paired with by pictures (Fossett & Mirenda, 2005). In the current study,
at pretest, participants' sight word scores were vastly superior to all other pretest
scores, perhaps reflective of the predominance of sight word instruction they
have received prior to the study. Even with this strength in sight word
identification prior to the intervention, the participants made an additional 20%
mean gain at posttest on this particular task. Perhaps more importantly, their
performance on the posttest suggests that they went beyond learning the words
that were taught and generalized their new cognitive understandings by
generating an overall mean increase of 3.33 words on the word generation task.
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Thus, a significant finding in this study is that participants were able to learn and
generalize sight words when they had instruction that intentionally avoided the
use of operant approaches or pictures.
Integrated Phonics Instruction
In general, phonics instruction for students with CCN has been a
challenge for an obvious reason: if students are unable to produce the sounds
(phonemes) represented by written letters, how is it possible to teach them to use
sound-symbol relationships?
As described in Chapter 2, phonics instruction for typically developing
students is commonly taught using two different approaches, a phoneme-byphoneme approach and a decoding by analogy approach, both of which have
been shown to be equally effective (NRP, 2000). Contemporary studies in AAC
have examined the effects of a single approach using phoneme-by-phoneme
instruction resulting in limited generalization (Coleman-Martin, Heller, Cihak, &
Irvine, 2005; Fallon et al, 2004; Heller, K W., Fredrick, L D., Tumlin, J., &
Brineman, D. G., 2002; Truxler & O'Keefe 2007). The current intervention,
however, was designed to include both phoneme-by-phoneme and decoding by
analogy approaches through Word Wall and Making Words with Letters lessons.
Pretest-posttest scores clearly demonstrate that participants were able to
learn individual phonemes required for decoding skills. While these skills
contributed to the increases in word identification and word generation tests, their
growth can be most clearly measured on the developmental spelling test on
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which they made a mean 13.3-point gain. Participants' ability to generalize
phoneme knowledge was evident in their ability to represent these phonemes in
words that were not taught in the intervention.
Consistent with the literature regarding phonics instruction for children
without disabilities, participants' success with phonics in the current study was
likely impacted by the combination of two phonics approaches in contrast to a
single approach (Juel & Minden-Cupp, 2000; Lovett et al, 2000; Wanzek &
Haager, 2003). The value of this combination can be linked back directly to
Adams' (1990) model of word reading underlying the intervention. The
combination of Word Wall and Making Words with Letter lessons serves to
support the integrated development of the orthographic and phonological
processors. The combination directly supports learners in developing each of
these cognitive processors by providing them with opportunities to experiment,
make errors, and grow as problem-solvers. There have been reports of the
successful use of this combination of phonics approaches for students with CCN
(see e.g., Erickson et al., 1997; Erickson & Hanser, 2002), but the current study
provides the first experimental evidence of its success.
Meaningful Use of Words in Context
The final component of the integrated word identification instruction
investigated in the current study involved an emphasis on developing the
meaning and cognitive processors to support successful word reading and
communication. The positive effect of the integrated nature of the lessons was
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seen on the open-ended expressive communication test. The icon sequences
that participants generated included those for word wall words-words that
participants were taught to read and communicate. Interestingly, for Participants
1 and 3, at posttest, over 60% of the intervention icon sequences that they
generated were word wall words. The Word Wall lessons targeted reading,
spelling and communicating the word wall words. Lesson sentences
incorporated the rationales of the icons, emphasizing their meanings. Although
this change was not as marked for Participant 2, the focus on meaning within the
context of Word Wall lessons and Making Words with Icons lessons may have
likely contributed to Participants 1 and 3 use of the word wall words for
expressive communication. For students with CCN, the reading results are all
profoundly significant findings for knowledge that has been hard to teach, hard to
generalize, and especially hard to measure - another area of discussion.
Spelling as a Component of Integrated Word Reading Instruction
In the field of AAC, there has been little recognition of or discussion about
the role of students' spelling as an important component of word instruction and
an informal measure of phonics development. In contrast, for students without
disabilities, educators have used developmental spelling as an informal method
to gauge students' developing word knowledge (Bear & Templeton, 1998;
Gentry, 1982; Henderson, 1981) by carefully analyzing correct spellings and
errors (Gould, 2005). In the current investigation, participants' developing word
knowledge was measured through their developmental spelling attempts. Given
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this population's inability to "sound out" phonemes orally, tracking their
understanding of individual phonemes through their spelling attempts offers an
important method for developing word knowledge across both the orthographic
and phonological processors. Two methods of analyzing participants' spelling
attempts were applied in the current study both of which have implications for
teachers.
Two Complimentary Methods of Developmental Spelling Analyses. In the
current study, spelling errors were analyzed using (1) Gentry's developmental
spelling classification stages (1982, 2000), and, (2) the Erickson Scoring System,
a point system used in previous investigations involving students with CCN
(Erickson, 2005). While these two systems reveal different types of information
regarding participants' developing word knowledge, they both provide information
that proved useful in measuring students developing word knowledge.
Participant 1 's performance offers interesting observations about the
nature of spelling development and the usefulness of stages in monitoring and
measuring student progress. Across pretest and posttest, Participant 1 's
attempts were categorized in Gentry's semi-phonetic stage. She did not make
enough progress to change the overall stage of her spelling skills at posttest, and
the Erickson point system reflected a decrease in representing phonemes in five
words and increase with two words. Such fluctuation in skills may be
characteristic of the incomplete integration of the orthographic and phonological
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processors that facilitates students' attempts with the phoneme-grapheme
representations.
Participant 3 had comparatively more advanced spelling skills at pretest.
He also made marked progress at posttest demonstrating the ability to represent
10 additional initial and final consonants, and three additional vowels. However,
like Participant 1, Participant 3 did not change Gentry spelling stages.
Most notable are the changes in Participant 2, a strong sight word reader,
but historically a reluctant speller. On the intake forms, Participant 2's teacher
reported that she..."tried to teach Participant 2> to use phonics and to spell
words as they sounded, but he refused because he knew they were spelled
incorrectly." His reluctance was observed at pretest when he attempted only 5
out of the 12 words. His pretest spelling attempts were unreadable yielding a
score of only 4 points, suggesting that he had limited ability to hear and represent
sounds when trying to spell words. Such poor understandings of phonemegrapheme relationships coupled with strong word identification skills may be
reflective of a strong orthographic processor and a weak phonological processor.
Participant 2's performance was very different at posttest in comparison to
pretest. He increased his attempts to spell from five at pretest to 9 out of the 12
words at post-test, and also achieved a score of 22 on the developmental
spelling task. Although the "words" themselves were still unrecognizable, the
gain suggests that Participant 2 developed increased understandings of
grapheme-phoneme relationships and increased confidence. Participant 2's
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spelling attempts remained in Gentry's pre-communicative stage. But the
changes reflected in the Erickson Point System have profound educational
significance for Participant 2. With his emerging ability to represent initial
consonants in words, he will be able to use the word prediction software in his
communication system. With the power to select the initial consonant of a
desired word, the word prediction software will offer him choices of many words
starting with that consonant and dramatically increase the number of words
available to him for communication. Small changes in developmental spelling
skill as measured by the Erickson point system can have significant implications
for an individual's ability to communicate.
In the current study, the use of a developmental spelling inventory was a
powerful proxy for understanding participants' developing word knowledge. The
findings indicated that error analysis using Gentry's stages provided a limited
picture of participants' spelling skills, perhaps due to the fluctuating nature of their
attempts. However, the use of the Erickson Scoring System was superior in
quantifying the subtle yet critical changes made by the participants. Participants'
change in their use of phonemes on the developmental spelling, most notably
Participants 2 and 3, suggests that an informal developmental spelling inventory
is a valuable tool to measure word knowledge. Further investigation of spelling
errors with this population could contribute to the validation of a tool that would
allow for a more accurate understanding of the spelling/decoding needs of
students with CCN.
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Components of the Instructional Context
Generalization: The Ultimate Goal
In any learning endeavor, the ultimate goal extends beyond the immediate
context and materials to future contexts in which learning serves a purpose. The
goals of reading, spelling and communication instruction extend well beyond the
ability to read or spell a particular word (e.g., can). For example, the purpose of
learning to spell "can," is to be able to spell "man, tan, pan, ran" and to ultimately
communicate an idea, desire or response related to any of those words. Thus,
the value of a learning task might be measured by the students' ability to apply
the learned information in a different context: to generalize the learning in a
productive way.
Historically, students with CCN have demonstrated great difficulties with
generalization (Browder & Xin, 1998, Fallon et al. 2004). The findings of the
current study suggest that this difficulty may be due to the operant-based
instruction students with CCN and other significant disabilities typically receive.
When provided with the constructivist-based instruction in the current study, all of
the participants demonstrated generalization of communication, decoding and
spelling skills. Participants' pretest-posttest scores provide the strongest
evidence of their ability to transfer the knowledge taught in the intervention to
generate words for communication and spellings that were not explicitly taught in
the intervention. As noted, such generalization is not characteristic of this
population—especially given such a short intervention period. How did this
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happen? The constructivist-based approach underlying the integrated reading
and communication intervention is the likely cause.
The Fluctuations Inherent in Learning
As students develop cognitive understandings, it has been suggested that
a disequilibrium or reorganization of understandings may occur, with learning
being non-linear in nature (Fosnot & Perry, 2005). Participants' developmental
spelling attempts, as well as their daily performance on letter tasks provide
specific examples of this fluctuation, suggesting that the participants did not have
sufficient command of the content to generalize their new skills and
understandings. However, participants' performance in developmental spelling
and icon sequencing use across pretest and posttest indicated otherwise. It
seems likely that the observed fluctuations during these lessons resulted from
their reorganization of understandings and work toward the cognitive shifts that
became apparent at posttest.
The "More Knowledgeable Other"
Successful learning in a constructivist context requires the presence of a
"more knowledgeable other" to guide and support learning. As described earlier,
barriers such as few teacher resources, lack of AAC device training, as well as
little guidance in device vocabulary and literacy instruction, all serve to
perpetuate the dilemma of teachers who are "less knowledgeable" than required
(Beukelman & Mirenda, 2005). Although the adult facilitators were not the focus
of specific research questions, the facilitators' changes and interactions with the
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participants' offer evidence to suggest that the intervention program studied
allowed them to successfully become "more knowledgeable others" who
supported participant learning.
For example, the Unity software on the AAC device targeted in this study
has been difficult for others to learn to use and most importantly, to teach. At
pretest, facilitators' limited knowledge of icon sequencing was evident on their
expressive communication. Their mean gain of 110 icon sequences on the
expressive communication posttest suggests that over the course of the study,
the facilitators themselves became more skilled at icon sequencing. It appears
that the lessons' focus on the rules of icon sequencing was effective, not only for
the participants, but for the adult facilitators and therefore helped them
successfully support their students' learning.
Educators, staff and parents have struggled with how to teach literacy and
exactly what to teach students with CCN. Both facilitators 1 and 2 had reported
difficulties supporting their students' literacy instruction and expressed an
appreciation for the opportunity to learn more effective instructional strategies.
Facilitator 1, a parent, commented "I have always wanted to work with
participant 1> outside of school, but never knew how to go about it or to start."
Facilitator 2 had given up on formal reading instruction as reflected in the lack of
literacy goals in Participant 2's current Individualized Education Plan. Facilitator
3, a teaching assistant, had no prior experience with students with CCN, nor AAC
devices. For all three facilitators, the increased ease with which they interacted
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and delivered instruction was observed during the fidelity observations. It is
suggested that the structured nature of the lessons with consistent facilitator
language supported facilitators with evolving into "more knowledgeable others"
who could easily address the literacy learning needs of their students.
Modeling. In order to foster successful learning, facilitators play an
important role in scaffolding students with a "temporary framework" (Gould,
2005), in a manner that supports learning without controlling learning (Reid &
Weatherly-Valle, 2005). Previous studies in the field of AAC have found that
adult modeling is a successful scaffold for teaching AAC device use (Cafiero,
2001, Goossens, 1989, Romski & Sevcik, 1996). In the current study, modeling
was a key component of the instructional feedback in the intervention. The
scripted nature of the lessons guided facilitators in providing models to introduce
new concepts, feedback after every attempt, and guidance to the students across
the lessons.
Informal analyses of data collected by the Language Activity Monitor
(LAM) yielded some interesting examples of the effects of adult modeling during
lessons. For example, after a number of adult models in word wall lessons,
participant attempts began to increase while the rate of adult models decreased.
This trend suggests that adult scaffolds became less important as participants
learned the lesson format and content. The LAM data suggests that the models
served the intended role of providing a temporary framework upon which
students could build their own understandings.
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Participant Interest and Engagement
In order to support students in constructing their own meaning and
understandings, adults must engage them actively in learning activities rather
than relegating them to the position of passive receivers of information (Fosnot &
Perry, 2005). In the current intervention, participants learned specific skills and
content through active engagement in the lessons. They were encouraged and
supported as they attempted to problem-solve and generalize skills as they were
learned. Rated by the facilitators on a 5-point interest scale, all participants
demonstrated a strong level of interest in the lessons. At least for Participant 2,
this level of engagement could not have been predicted based on information
available at pretest. A report from a psychologist written in the school year prior
to the current investigation indicated that Participant 2 demonstrated "very limited
stamina during cognitive activities." The report also stated, "five to ten minute
teaching/training sessions seem appropriate." Additionally, the teacher was
concerned that Participant 2 would not be able to complete three lessons a day.
On the Student Intake form, she listed various difficulties affecting Participant 2's
ability to use his Pathfinder.
...power-control struggles, refusal to use for work-related purposes; health
issues-numerous-causing extreme weakness; refusal to use to
communicate; often changes screen to avoid work.
Interestingly, Participant 2 demonstrated a mean interest level of 1.34 with 1.00
representing "always interested." His high level of engagement during the 45-60
minutes of instruction delivered as part of the investigation suggests that
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appropriate, meaningful instruction alleviated his attention and engagement
difficulties (Kliewer, 1998). Furthermore, Participant 2's performance on the posttest suggests that his increased engagement led to substantial growth.
Communication Instruction
Learning to use an AAC device is necessary for successful language and
literacy learning for individuals with CCN. However, as with word instruction,
students with CCN face multiple barriers that hinder device learning and use
including limited facilitator training, unsystematic instruction, and instruction that
is "without any particular philosophy" (Koppenhaver & Yoder, 1992, p.67).
Adults' low expectations and beliefs regarding prerequisites to device use may
restrict device availability and breadth of vocabulary. Additionally, individuals
with CCN have few, if any, models of others using AAC devices. Features of the
intervention described here successfully ameliorated several of these barriers.
Learning and Using the "Rules" of Icon Sequencing
Participants made gains in reading and spelling, and in their use of icon
sequences for communication. In an effort to foster problem solving and
ultimately, generalization, the intervention lessons specifically taught the patterns
governing icon sequences, i.e. building the meaning and context processors
through learning and using the multiple meanings of the icons. The mean gain of
56% on the icon-sequencing test plainly demonstrates that all participants were
successful in learning the icon sequences taught in the intervention. Participants'
progress in rule-learning for common, high frequency words and phrases is
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evident simply through the sheer number and quality of attempts participants
made at posttest compared to those made at pretest. Out of 25 direct probes on
the icon sequencing task, Participant 1 made seven attempts at pretest and 25
attempts at posttest, Participant 2 made 17 and 24; and Participant 3 made 14
and 25 attempts. Closer examination of the attempts suggests that participants
learned that icon sequencing follows patterns, and they engaged independently
in problem solving to reach the correct response. Table 33 illustrates Participant
2's attempts to use an icon sequence to generate the phrase, "can't it." At
pretest, he would not make any attempt, perhaps consistent with previous school
reports; he was often reluctant to make any attempts during certain activities,
especially if he believed the answer might be wrong. At posttest, Participant 2's
increased willingness to engage in problem solving and apply his increasing
knowledge of the patterns inherent in icon sequencing can be easily observed as
he makes numerous attempts, using the same group of icons and experimenting
with them in different sequences. Participants' use of patterns was also evident
through the number of intervention based icon sequences that they generated
during unprompted testing as well as outside of the intervention.
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Table 33. Participant 2: Degree of Problem Solving to Generate Icon Sequence
for "can'tit"during Icon Sequencing Test

Pretest Attempt

Posttest
Attempt

Icon Selections

Would not
attempt

Icon Selections

can it

JUICE + IT

it can
it wouldn't
can't it

IT + JUICE
IT + KNOT + JUICE
JUICE + KNOT + IT

Generalizing Patterns in Icon Sequencing
Participants' ability to learn icon sequencing was evident, not only in the
prompted icon sequence test, but also in the unprompted expressive
communication test. In generating their own novel utterances with icon
sequencing, participants demonstrated a mean gain of 19 words on the
expressive communication task including a mean of 14 words that were not
explicitly taught in the intervention. The predictability of the patterns in icon
sequencing appears to have supported students in developing a strategy to
generate novel communications. The use of a strategy to generalize beyond icon
sequences that were taught explicitly in the intervention was most surprising for
Participant 2 given his background, experiences, and level of impairment.
Participant 2 had his device for six years, far longer than the other
participants, yet surprisingly his icon pre-tests indicated little knowledge of icon
sequences. He appeared to have minimal understanding of the meanings
embedded within icons and the contexts within which they could be used. This
was especially evident on his expressive communication pretest. When asked to
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generate words using only icon sequences, he generated 3 utterances using
icons, and 136 utterances from the activity row. In contrast, at posttest,
Participant 2 generated 22 utterances using icon sequences, with his activity row
use dropping to six utterances. Adding to the significance of the story is that fact
that Participant 2 has an educational label of moderate mental retardation. His
performance challenges the common misconception that learning icon
sequencing requires high levels of cognitive ability.
Summary
Multiple implications for literacy and communication instruction have been
discussed in the previous sections. It is neither possible, nor useful to share
these without highlighting the glue that holds these findings together-the
underlying instructional approach. Literacy and communication instruction for
students with CCN have historically been grounded in behaviorist based
orientations (Katims, 2000; Westling & Fox, 2004). Although there is a push to
provide students with CCN access to general education curriculum, access most
often refers to the content and not the method through which the content is
taught. Although rarely applied in general education settings, behaviorist based
instruction is commonly used with children with CCN without questioning other
options or how students with CCN learn.
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...both general and special educators often believe that disabled students
somehow learn differently from others. Consequently, teachers interacting
with these students in accordance with their beliefs and expectations
typically use teacher directed, fragmented, drill-and-practice instructional
methods that they believe these students need. There is a widespread
assumption that disabled students cannot learn from the constructivist
approaches to instruction... (Reid & Weatherly-Valle, 2005, p. 150)
The current intervention was grounded in a constructivist-based
orientation, typically used to guide instruction for students without disabilities. The
fact that participants demonstrated successful learning and generalization with
this approach is perhaps the most profound finding of this study as it offers a new
perspective, and a different way to consider instruction for students with CCN.
A key tenet of constructivist based learning is the recognition that students
construct their own meaning. In contrast to a behavioral orientation, with a focus
on discrete observable behaviors, the constructivist perspective emphasizes the
development of cognitive understandings (Fosnot & Perry, 2005) such as those
identified by Adams (1990) as the cognitive processors involved in successful
word reading. In the current study, Adams' model of word reading offered a
structure to address the development of cognitive processors throughout all of
the lessons, and the progress participants made suggests that the lessons were
effective.
Constructivist based learning places high value on the students' ability to
experiment, problem-solve and make errors (Gould, 2005). During the
intervention, the "more knowledgeable" facilitators and the participants had
ongoing rich interactions during which the facilitator encouraged problem solving
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and used modeling to scaffold learning. During all of the lessons, the recursive
nature of the instruction allowed participants to revisit concepts in slightly varied
ways. Throughout daily instructional activities, the common denominator that
contributed to learning was the participants' high level of engagement and
interest. Within this highly supported instructional environment, all participants
engaged in the successful learning of reading, spelling and communication.
Limitations
Limited Generalization Outside of the Intervention
Pretest-posttest results demonstrate generalization of participants' skills
across intervention activities. However, less impressive is the generalization
made outside of the intervention. Participants' LAM data revealed extreme dayto-day fluctuations in the number of icon sequences and spellings attempted with
unclear trends suggesting change.
While some change was seen, it is possible that due to the complexity of
device learning more time was needed to see change. However, there are other
factors that may account for participants' inconsistent device use.
In order for students to practice and generalize any skill, they must have
the means to do so available. LAM data revealed that participants' AAC devices
may not have been consistently available, with few entries after school and whole
days where they appear not to have been used at all. Within the field of AAC, the
concern for ongoing device availability has been consistently discussed;
however, to date there has been no informal or formal evidence to document
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time. Although not a goal of the current research, the anecdotal observations of
the three participants may offer typical examples of fluctuating device use
affected by factors beyond their control: participants' physical motor abilities,
physical position, the environment, support persons, the nature of the activity,
and device functioning. It seems likely that more participant generalization might
have resulted if there were greater opportunities to use the AAC devices outside
of the intervention.
The levels of support that participants received during the intervention and
outside the intervention were vastly different. During the intervention lessons, the
"more knowledgeable" facilitators offered close support for the use of the device,
providing a high degree of scaffolding to insure participants' success. However,
outside the lessons, participants returned to their typical schedule and usual
environments. Participants' fluctuations in device use may have been due to
perhaps "less knowledgeable" adults and caregivers with varying degrees of
device information and with activities that offered varying communication
opportunities. The combination of these factors may have contributed to a
decrease in quality of device support with fewer opportunities to use the device.
This suggests that systematic support for reading, spelling and communication is
needed across multiple activities supported by multiple knowledgeable
personnel. This is entirely consistent with the needs and experiences of students
without disabilities.
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Several limitations were identified, all related to the collection of data from
the LAM. Throughout the study, the source of participant data was the LAM
recorder within each participant's communication device. While the LAM was
reliable in recording the data, there were two limitations in how the data could be
interpreted. Firstly, the recorder tracks everything that is generated with the
device, but it does not record who operated the device. While it was assumed
that it was the participant, there were times when others used the devices. During
the lessons, facilitators were directed to model on the device. Prior to using the
device in this way, facilitators were asked to enter their identifying initials. While
reports of these procedures suggest high rates of compliance, there may have
been times when this step was forgotten. Outside of the lessons, adults were
also directed to enter their initials prior to any modeling on the device and
similarly, it is possible that this step may have been forgotten.
Secondly, limitations in the LAM capabilities were observed when
attempting to identify and measure participants' spelling attempts. The LAM did
not record participants' use of the delete key. As a result, it was not possible to
know when participants deleted a letter while spelling a word. This made it
impossible to identify the actual letters used in their final attempt, thus it was not
feasible to accurately identify correctly or incorrectly spelled words. Additionally,
when evaluating any spelling attempts, it was difficult to identify misspellings or
early sound spellings because the context and participants' intent was not
known.
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Future Research
Given the complexity of this study, there are multiple suggestions for
future research. The unique feature of the intervention was its integrated nature.
In order to begin to understand the concept of integrated instruction and the
contribution of each of the components, research is needed to assess the effects
of different combinations of lesson types across different conditions. For
example, separate conditions might include a combination of one, two or three
lesson types.
Phonics instruction based upon a combination of approaches (decoding by
analogy and phoneme-by-phoneme) was effective for the three participants in the
current study. Comparison studies could be done to assess the effectiveness of
this dual approach method versus a single approach, such as the Non-Verbal
Reading Approach (Coleman et al, 2005; Heller et al, 2002; Heller, Frederick &
Diggs, 1999).
It has been suggested that Making Words with Letters is an effective way
to increase students' phonological awareness (Cunningham & Cunningham,
2002,1991). Future research might include informal measures of phonological
awareness in order to document the effects of Making Words with Letters on
phonemic awareness. Additionally, previous studies in the field of AAC have
examined the use of different methods that utilize visual models and copying to
teach students to spell low frequency words with little consideration of their
communicative function (McNaughton & Tawney, 1993; Schlosser et al, 1998).
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Comparison studies could be done with these methods and Making Words with
Letters for spelling low and high frequency words.
For students without disabilities, developmental spelling has been
documented as a good predictor of reading (Morris & Perney, 1984). Consistent
with the error analysis promoted by prominent spelling researchers, (Bear &
Barone, 1989; Gentry, 1982; Henderson, 1990; Read, 1975, 1986; Zutell, 1980),
in the current study, the subtle changes in participants' developmental spelling
errors were measured using the Erickson Scoring System (2003). Future
research should focus on the validation of developmental spelling in facilitating
not only the application of reading and decoding skills, but also as a tool for
assessment. Research is needed regarding the use of developmental spelling as
an indicator of decoding, as well as research validating the use of the Erickson
Scoring System.
Considering the large number of AAC devices and the need for
instructional materials, future research could focus on comparison of integrated
instruction using the different devices. Findings could inform the impact of
integrated instruction and inform the organization of devices to support effective
instruction.
For students with CCN, daily use of AAC devices is impacted and limited
by multiple factors, perhaps contributing to the large day-to-day fluctuations in
device use as observed during Baseline, 1 -Week Post and 5-Weeks Post.
Future research may consider having longer baseline and post periods in
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participants' use of device and control for the availability of the device during
those periods of time.
The intervention provided only word instruction. Further research needs to
be done examining the effects of the word study in conjunction with other
important instructional areas within different conditions such as: (1) word study
only, (2) word study and writing, and (3) word study, reading and writing.
Conclusion
Students with CCN are too often cast in the role of passive observers of
life. Significant communication and physical impairments, low expectations and
restricted opportunities keep these students "in the bleachers." As would be
expected with such limited opportunities, these students typically make little, if
any, progress. Moreover, any changes are difficult to measure accurately. The
current intervention was intended to examine the changes in students with CCN
when they were provided with regular opportunities for integrated, constructivist
based instruction in reading, spelling and communication. Participants' changes
have profound educational significance as they have demonstrated significant
learning when provided with the same type of high quality, intensive instruction
provided to students without disabilities. The pretest-posttest results suggest that
the integrated nature of the reading, spelling and communication program is a
successful way to organize literacy and communication instruction for these
students. In an atmosphere of high expectations and regular opportunities, the
participants demonstrated that they could learn to read, spell and decode using
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systematic and explicit instruction that combines approaches to phonics
instruction. The role of developmental spelling proved to be a powerful vehicle
for students to apply their increasing word knowledge, and a means for adults to
measure their changing skill. Through systematic vocabulary instruction,
participants learned how to generate communications on their AAC devices.
Importantly, facilitators also made significant growth that allowed them to become
"more knowledgeable others," a key to delivering high quality instruction.
Collectively, such findings offer cause to question the efficacy and predominance
of the operant based approaches used to teach reading, decoding and
communication to students with CCN. Ultimately, the findings of this study
demonstrate that the best practices used to guide instruction for students without
disabilities-approaches to learning, theories, and lesson content—should all be
used to guide best practices for students with CCN.
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APPENDIX A: MAKING WORDS WITH ICONS LESSON
Making Words With Icons Lesson lb: Lesson Words
can
can't
didn't
Materials Needed:
Individual Icon Cards for:
Icon Sequence Word Cards
for:

FAMILY
can

Step 1: Name the Icons

I
can't

I didn 't

I did

JUICE
didn't

KNOT
I did

PREVERB
I didn't

(Use the individual icon cards.)

We're going to work with some icons to make words. Some of these icons make words that are
on the word wall. I'll say the icon names and you say them in your head.
(Point to each icon as you say it.)
FAMILY

I

JUICE

KNOT

PREVERB

Instructional Feedback (Use with making words, word sort & transfer lessons.)
Instructional Feedback
Difficulty Starting
paste file stylesDo the following after every attempt
Do the following if the student has difficulty:
to make, sort or say a word:
•
Repeat the instructions
•
For correct and incorrect attempts, show a
•
Guide student in carefully inspecting icon
model of the correct response.
or icon sequence choices.
•
Direct students in comparing theirs with the
•
Encourage student to give it a try using
model and make corrections as needed. (If
what they know.
incorrect, the goal is to compare and
contrast with the model and make
corrections. Do NOT allow students to start
from scratch and copy the model. Copying
does not equal learning.)
•
Model using the device to say the target
word.
Step 2: Making Words With Icons

(Use individual icon cards.)

Using the icon cards, we're going to make many different words.
1. Let's start by using two icons to make the word can.
Look at your icons. Start with the icon PREVERB because can is a word that goes with other
action words or verbs. After PREVERByou need to add another icon.
Which icon has a picture of a can? That one will be second. (JUICE)
[PREVERB + JUICE]
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APPENDIX A continued

Now you are going to make the word can't which means cannot. It is made with three icons.
Keep PREVERB and JUICE. Add one icon in the middle that means not. Look at your icons.
Which icon do you use to say not? {KNOT) Put that one in the middle.
[PREVERB + KNOT + JUICE]
Take away the icon that means not, KNOTand the icon that has a can (JUICE). Now you're
going to make the word did. It is a two-icon word. You already have the icon PREVERB. Add
a second icon to make the word did. Look at your icons. Only one has people who did
something. Which icon has people who did do something? (FAMILY)
[PREVERB + FAMILY]
Let's say you want to tell someone that you did something. You'd say, I did. Make the words
I did. Take away the icon that tells you a word goes with a verb, PREVERB. Keep the icon
FAMIL Vfor did. What icon do you need to say I? (I) That icon goes first.
[I + FAMILY]
Now you make the words I didn't. Didn't is a way to say did not. Keep the /and FAMILY
icons and add one more to say I didn't. Look at your icons. Which one do you use to say
not? (KNOT) Put it in the middle between /and FAMILY.
[I + KNOT + FAMILY]

Step 3: Icon Sort

(Use devices and the icon sequence word cards.)

Now, we're going to sort all of the words you have made. First, I'll read each word out loud while
you say them using your device. Then you'll sort the cards.
(Visually present all icon sequence word cards together; point to each item as you read it.
Encourage the student to use the icon sequence word cards as needed to say each of the words
using the device.)
1.
2.
3.
4.

Find all the words
Find all the words
Find all the words
Find all the words

Step 4: Transfer

that
that
that
that

are made with only two icons.
are made with three icons.
use the icon JUICE.
use the icon KNOT.
(Use

devices.)

I am going to some sentences with the words you just made. You listen and decide which word I
said. Then, you say it using your device. Let me know if you want me to repeat a sentence.
I can do it.
I did it.
You can't do it.
I didn't do it.
You did it.
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APPENDIX B: WORD WALL LESSON
Word Wall Lesson 1a: Introduce Words
Materials Needed:

Word Wall Word Cards for I, on, can, not, will

We're going to learn about some new words this week: I, on, can, will, not. Today we're going to
talk about each one and put them up on the word wall.
What you can SAY:

What you can DO:

Here is the word I. I'll use I in a sentence.
I can point to myself to say I.

(Show students the word wall word card and place
it up on the word wall.)

Let's spell the word I. It has one letter: I.
Look at the word on the word wall. Say the
letters in your head while I spell I out loud.
I.

(Point to the word and to each letter as you speak.)

Now spell I with your device. You need to
start by going into spell mode. You need to
select I.

(Model going into spell mode using the SPELL key
and spelling the word.)

c
Now say I with your device. You need to
select / + /.

w

SPELL
MINSPEAK
(Model using the MINSPEAK key to get back into
Minspeak mode, and then model the icon
sequence for I.)

I

I

Here's the word ON. I'll use ON in a
sentence.
There is a book ON the chair.
Let's spell the word ON. Look at the word
on the word wall. Say the letters in your
head while I spell ON out loud. O-N.

(Show students the word wall word card and place
it up on the word wall.)

Now spell ON with your device. You need
to start by going into spell mode. You
need to select O-N.

(Model going into spell mode using the SPELL key
and spelling the word.)

(Point to the word and to each letter as you speak.)

AB
C
SPELL
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Now say ON with your device. You need
to select PREPOSITION* CHAIR.

(Model using the MINSPEAK key to get back into
Minspeak mode, and then model the icon sequence
for OH.)

"•—LT
PREPOSITION

&
CHAIR

Here's the word CAN. I'll use CAN in a
sentence. CAN I have some juice?

(Show students the word wall word card and place it
up on the word wall.)

Let's spell the word CAN. Look at the
word on the word wall. Say the letters in
your head while I spell CAN out loud. C-AN.

(Point to the word and to each letter as you speak.)

Now spell CAN with your device. You
need to start by going into spell mode.
You need to select C-A-N.

(Model going into spell mode using the SPELL key
and spelling the word.)
O

AB

MINSPEAK

SPELL
Now say CAN with your device. You need
to select PREVERB + JUICE.

(Model using the MINSPEAK key to get back into
Minspeak mode, and then model the icon sequence
for CAN.)

PREVERB

JUICE

Here's the word NOT. I'll use NOT in a
sentence. 1 am NOT qoing.

(Show students the word wall word card and place
it up on the word wall.)

Let's spell the word NOT. Look at the
word on the word wall. Say the letters in
your head while 1 spell NOT out loud.
N-O-T.

(Point to the word and to each letter as you speak.)

Now spell NOT with your device. You need
to start by going into spell mode. You
need to select N-O-T.

(Model going into spell mode using the SPELL key
and spelling the word.)

AB

C

SPELL
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Now say NOT with your device.
You need to select KNOT.

(Model using the MINSPEAK key to get back into
Minspeak mode, and then model the icon sequence
for NOT.)

V
KNOT

Our last word is WILL. I'll use WILL in a
sentence. I WILL read that book.

(Show students the word wall word card and place it
up on the word wall.)

Let's spell the word WILL. Look at the
word on the word wall. Say the letters in
your head while I spell WILL out loud. W-lL-L.

(Point to the word and to each letter as you speak.)

Now, spell WILL with your device. You
need to start by going into spell mode.
You need to select W-l-L-L.

(Model going into spell mode using the SPELL key
and spelling the word.)
O

AB

SPELL
Now, say WILL with your device.
You need to select PREVERB+ BOOK.

MINSPEAK

(Model using the MINSPEAK key to get back into
Minspeak mode, and then model the icon sequence
for WILL.;

PREVERB
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APPENDIX C: MAKING WORDS WITH LETTERS LESSON
Making Words With Letters Lesson 1c
Letters:

a, c, n, p, t

Materials Needed:

Words:

a, at, an, tan, pan, can, cat

Individual Letter Cards For: a, c, n, p, t
Individual Word Cards For: a, at, an, tan, pan, can, cat

Step 1 : Name the Letters & Their Sounds (Use the individual letter cards.)
We're going to work with some letters to make different words. I'll say the letter names out loud
and you say them in your head. See it in your head
(Point to each letter as you say it.)
a,
c,
n,
p,
t.
Each of these letters makes a different sound. I'll say the letter sounds out loud and you say
them in your head.
(Point to each letter as you say it).
/a/,
Id,
In/.
Ipl,
M.

Instructional Feedback
(Use with making words, word sort & transfer lessons.)
Difficulty Starting
Instructional Feedback
Do the following after every attempt to make a word:
For students who can't get started:
•
For correct and incorrect attempts, show a
• Repeat the target word, emphasizing
model or
individual sounds within the word as
the Individual Word Card with the correct
necessary.
spelling.
NOTE: Avoid isolating the individual sound
•
Direct students in comparing theirs with the
and emphasize the sound within the whole
model and make corrections as needed. (If
word.
incorrect, the goal is to compare and contrast
Guide student in carefully inspecting letter
with the model and make corrections. Do
and/or word choices.
NOT allow students to start from scratch and
copy the model. Copying does not equal
learning.)

E

Step 2: Making Words

(Use the individual letter and word cards.)

Using the letter cards, we're going to make lots of words.

1. Take one letter and make the word a.

A person is a noun.

2. Add a letter to the end to make at.

I work hard at school.

3. Take the t away. Put a different letter in its place to make an. An elephant is bigger than I.
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4.

Add a letter to the beginning of an to speil the word tan.

My dog is tan.

5. Take the t away. Put a different letter in its place to make pan. You use a pan in the kitchen.
6. Take the p away. Put a different letter in its place to make can. Juice comes in a can.
7. This is the last word. Take the n away. Put a different letter in its place to make cat.
A cat is a pet like a dog.
Step 3: Word Sort

(Use the individual word cards.)

Now, we're going to sort all the words we have made. Let's read all the words you have made. I'll
read each word out loud while you read it in your head.
(Visually present all word cards at once; point to each word as you read it. As you create each of
the word sorts, reread them.)
Instructional Feedback
(Use this in addition to the standard
feedback.)
Read back the word the student has chosen, emphasizing the particular sound and letter name.
•
If correct, you'll say, "that's right, pan begins with p. P makes the/p/sound."
•
If incorrect, you'II say, "you picked at. At begins with a that makes the /a/ sound. We 're
looking for words that begin with p and make the /p/sound."

1.

Find all the words that begin with /p/.

2.

Find all the words that begin with Id.

3.

Find all the words that have the /an/ spelling pattern.

Step 4: Transfer
Now, you'll use what you learned to try something new. I'm going to say a word and use it in a
sentence. I'm going to ask you about what letter you hear. Use your device in spell mode to tell
me the correct letter.
1.
2.

What letter would start the word car?
What letter would start the word put?

The family has a car.
Open the box and put it in.
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APPENDIX D: STAGE 1 ICON SELECTION RECORDING FORM
Student Name:
A AC System:
Parent/Educator Providing Known Messages:

Date:

Stage 1: Icon Selection Screening Task
Directions: "We're going to play a game to see how fast you can talk. I'm going
to ask you to say something on your AAC device. These are things that you
already know. You say it with your AAC device as fast as you can."
Known Messages Generated with Icon Sequences
From Parent/Educator

Icon Sequences Student
Selects in 1 minute
(Indicated by Check)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
Total Number of Icon Sequences Selected in 1 Minute:
Eligibility Criteria: Selects 2 messages within 1 minute
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APPENDIX E: STAGE 1 LETTER IDENTIFICATION RECORDING FORM
Student Name:

Date:
Stage 1: Letter Identification Screening Task

Directions: "We're going to play a game with letters. I'm going to show you some
letters. I'm going to ask you to find a letter."
Target
Letter
A
F
K
P
W
Z
B
H
0
J
U

c
Y
L
Q
M
D
N
S
X
I
E
G
R
V
T

Letters Presented
(Circle Student Selection)
K C A X P F
K C A X P F
K C A X P F
K C A X P F
T Q B Z H W
T Q B Z H W
T Q B Z H W
T Q B Z H W
U J F M 0 C
U J F M 0 C
U J F M 0 C
U J F M 0 C
G Q M Y A L
G Q M Y A L
G Q M Y A L
G Q M Y A L
0 V D F T N
0 V D F T N
I K E B X S
I K E B X S
I K E B X S
I K E B X S
R

D T

V G

H

R D T V G H
R D T V G H
R D T V G H

Number of Upper Case Correct:
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Comments

APPENDIX E continued
Target
Letter
a
f
k
P
w
z
b
h
0

J
u
c
y
i
q
m
d
n
s
X

i
e
g
r
V

t

Letters Presented
(Circle Student Selection)
f p x k a c
f p x k a c
f p x k a c
f p x k a c
t z b q h w
t z b q h w
t z b q h w
t z b q h w
f c o j m u
f c o j m u
f c o j m u
f c o j m u
a m g y q 1
a m g y q 1
a m g y q 1
a m g y q 1
d f o t v n
d f o t v n
s b x i k e
s b x i k e
s b x i k e
s b x i k e
h r d t g v
h r d t g v
h r d t g v
h r d t g v

Comments

Number of Lower Case Correct:
Total Number of Letters Correct:
Eligibility Criteria: A total of 37 or more correctly identified letters
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APPENDIX F: STAGE 1 CONCEPTS ABOUT PRINT RECORDING FORM
Stage 1: Concepts about Print Tasks: Direct Selectors
(This form will be used with students who are able to use their hands to point to parts of the book)

Student Name:

Date:

Directions: Read the Follow the Moon book to the student following the directions for
each item, check the item once it is completed and record the score. Say to the student:
"I'm going to read you this story but I want you to help me."
COVER
I I'A '", "
'
" . ' , - " '
For orientation of book. Pass the book to the child, holding it
Item 1
Test:
vertically by outside edge, spine towards the child.
•
Say:
Score:

"Show me the front of this book".
1 point for the correct response.

Comments:

PAGES 2/2\
Item 2
Test:
Say:
•
Score:
Read:

Concept that print, not picture, carries the message.
"I'll read this story. You help me. Show me where to start
reading. Where do 1 begin to read?"
1 point for print, 0 for picture.
Text on page 2.

Comments:

PAGES 4/5
Item 3
Test:
D
Say:
Score:
Item 4
Test:
Say:
•
Score:
Item 5
Test:
Say:
•
Score:

For directional rules.
"Show me where to start"
1 point for top left.
Moves left to right on any line.
"Which way do! go?"
1 point for left to right.
Return sweep.
"Where do 1 go after that?"
1 point for return sweep to left, or for moving down the page.
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Item 6
U

Test:
Say:
Score:
Read:

Word by word pointing
"Point to it while 1 read it".
1 point for exact matching.
Text on page 4.

Test:
Read:

Concept of first and last.
Text on page 6.
"Show me the first part of the story".
"Show me the last part".
1 point if both are correct in any sense, that is, applied to the
whole text or to a line, or to a word, or to a letter.

Comments:

PAGE 6
Item 7

•

Say:

Score:
Comments:

P A G f e J ^ v * ^ * >*
Inversion of picture.
Item 8
Test:
U
"Show me the bottom of the picture".
Say:
Score:
1 point if child points to bottom of the picture OR 1 point if child
inverts book to correct it.
Comments:

PAGE 8/9
Test:
Item 9
D
Say:

Score:

Response to inverted print.
"Where do 1 begin?"
"Which way do 1 go?"
"Where do 1 go after that?"
1 point if child points to first word of sentence and then moves
right to left across the lower line and then the upper line OR 1
point if child inverts book to correct it and moves left to right in

Read:

the conventional manner.
Text on page 8.

Comments:
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APPENDIX F continued
PAGE 10/11
Item 10
Test:
Say:
Score:
Read
Comments:

•

PAGE 12
Item 11
D

Item 12

•
Item 13
D
Item 14

•

Test:
Say:

Score:
Test:
Say:
Score:
Test:
Say:
Score:
Test:
Say:
Score:

A left page is read before a right page.
"Where do 1 start reading?"
1 point for indicating the left page.
Text on page 10 and 11.

Letter concepts.
"This storv savs
"1 want you to push the cards across the story like this until all
you can see is just one letter"
"Now show me two letters"
1 point if both are correct.
Word concept.
"Show me just one word".
"Now show me two words".
1 point if both are correct.
First and last letter concepts.
"Show me the last letter of a word".
1 point if both are correct.
Capital letter concepts.
"Show me a capital letter".
1 point if correct.

Comments:

Total Concepts About Print Score:
Eligibility Criteria: 10
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APPENDIX G: STAGE 2 WORD IDENTIFICATION RECORDING FORM
Student:

Date:
Stage 2: Word Recognition Task

Directions: Students will be optimally positioned in front of a computer. For each target
word, they will be presented with a field of 4 words, displayed in 72 font in Power Point.
They will be asked to select a word for each requested target word. "I am going to say a
word, say it in a sentence, and say it once more. I want you to do your best to pick the
word I say. I can repeat the word if you need or want me to, but I won't be able to sound
it out for you."
Circle the student's word selection.
Target
Word
Can

Sentence

Student Selection

Can 1 go?

can

con

cane

kin

Not

1 do not like vegetables.

no

nod

not

nut

Will

1 will help.

wild

wilt

will

well

On

Put on some shoes.

of

on

in

one

1

1 have great friends.

0

T

A

1

At

We have fun at school

ant

an

at

it

mane

mine

mean

mice

Mine

That game is mine.

Is

Is it time to go?

it

1

in

is

Be

Will it be fun?

be

baby

bed

bee

Want

1 want to eat.

rent

what

went

want

is

if

it

its

plan

plot

plus

play

It
Play

It is good.
Let's play a game.
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and

art

ant

add

She

1 want a peanut butter and
jelly.
She is my teacher.

his

she

has

see

What

What can 1 do?

what

were

when

who

In

Put it in the bag.

an

as

in

it

And

Make

Let's make cookies.

bake

male

make

bike

Have

1 have money.

hare

hate

hand

have

Do

Do you see that?

be

lo

do

to

Like

1 like movies.

like

lick

lice

look

Eat

It is time to eat.

east

eat

earn

easy

Can 1 have a drink?

drill

drank

drink

drive

Are

Are you going?

arc

arm

are

art

We

We have to start.

wet

we

web

wee

mane

more

moor

move

Drink

More

1 need more books.

Total Number of Words Identified Correctly:
Exclusion criteria: 13 or more words identified correctly
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APPENDIX H: STAGE 2 ICON SEQUENCING RECORDING FORM
Student Name:

Date:
Stage 2: Icon Sequencing Task

Directions: Students will be optimally positioned and asked to use the icons on their
augmentative communication device for this task. "I'm going to ask you to say some
words on your communication device. You can only use these icons to say the words.
(Point to the area with the icons on the device). If you don't know a word it's OK. Just
do the best you can. Ready? Can you use the icon sequence to say the word
?"
(Ask parent how the icons how referred to and may need to call them pictures instead of
icons.)
Target Word

Word Attempt

Comments/How Word(s) Were Generated
(Icons, Activity Row, Activity Specific Pages,
Keyboard)

1. eat
2. it
3. because
4. can't
5. it can
6. she can't
7. good
8. we can
9. do
10. have I
11. game
12. can
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13. we are
14. 1 don't
know
15. are we
16. she
17. you like
18. you don't
like
19. can't she
20. and
21. read
22. in
23. want
24. can't it

Total Number of Words Spoken Correctly Using Icons:
Exclusion criteria: 13 or more words spoken correctly using icons only
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APPENDIX I: STAGE 2 EXPRESSIVE COMMUNICATION RECORDING FORM
Student Name:

Date:
Stage 2: Expressive Communication Task

Directions: Students will be optimally positioned and asked to use the icons on their
augmentative communication device for this task.
"I want you to say as many words as you know using only icon sequences. There are
many ways to say words on your device. There is the activity row (researcher will model
this). There are special pages (researcher will model this). There is also the keyboard
page (researcher will model this). For this activity, you need to say all the words you
know using only the icons here." (Point to the icons on the device.) "You have ten
minutes, but you don't have to pay attention to the clock, I will stop you when it is time."
List icons selected and any words/phrases generated.
Comments/How Word(s) Were Generated
(Icons, Activity Row, Activity Specific Pages,
Keyboard)
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Word/Phrase/Unsuccessful
Attempts

APPENDIX I continued

Total Number of Words Spoken Using Icons:
Exclusion criteria: 120 or more words spoken using only icons
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APPENDIX J: STAGE 2 WORD GENERATION RECORDING FORM
Student Name:

Date:
Stage 2: Word Generation Task

Directions: Students will be optimally positioned and asked to use the keyboard page
on their augmentative communication device for this task.
"/ want you to write as many words as you can using ONL Y letters. You'll need to use
your keyboard page. "(Help student get to keyboard page.) "You can write for ten
minutes, but you don't have to pay attention to the clock, I will stop you when it is time."
If the student is able to begin writing words immediately, there is no need to use the
prompts below. They are intended to help a student get started. Begin with the more
difficult prompts at the top of the list, and work down to the easiest at the bottom as
needed. Record if the student is copying the word from somewhere in the room.
Prompts:
Can you write your name?
Can you write any other names?
Can you the write the names of any animals?
Can you write I? Am? He? She? It? Dog? Cat? Fish?...?
Can you write any letters?

Word Attempt

Comments
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Total Number of Words Spelled Correctly:
Exclusion criteria: 20 or more words spelled correctly
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APPENDIX K: STAGE 2 DEVELOPMENTAL SPELLING RECORDING FORM
Student Name:

Date:
Stage 2: Developmental Spelling Task

Directions: Students will be optimally positioned and asked to use the keyboard on their
augmentative communication device for this task. "I am going to say a word, say it in a
sentence, and say it once more. I want you to do your best to spell the word I say. I can repeat
the word if you need or want me to, but I won't be able to sound it out for you. When you're done
spelling a word, look at me to let me know you're finished. When you're ready I'll begin. (When
the student appears ready you say the following.) / want you to spell the word (say the word, use
it in the sentence provided, and individually again)." (Do not ask the student "are you done"
or "is that all" during the assessment as the questions might interfere or otherwise
provide prompts for the student). Record student's response to be scored at a later time.
Target
Word

Sentence

Back

My back hurts.

Sink

Put the dishes in
the sink.
1 got some mail.

Mail
Dress

My mom wears a
dress.

Lake

We swim in the
lake.
1 peeked out the
window.
Turn on the light.

Peeked
Light
Dragon

The dragon was
breathing fire.

Stick

Pickup the stick.

Side

My friend is by my
side.

Feet

My feet are big.

Test

He took a test.

Student
Response

Total Scores:
Total Composite Score:
Exclusion criteria: Composite Score of 60 or better
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General
Score

Initial
Final

Vowel
Score

Composite
Score

APPENDIX L: DEVELOPMENTAL SPELLING SCORING RULES
(ERICKSON, 2003)
Erickson Developmental Spelling Scoring Rules
(updated 1/07)
Scoring Procedure
Score all student responses using one scoring procedure before moving on to the next
scoring procedure. In other words, assign a General score to each response provided by
every student before moving on to the Initial-Final or Vowel score.
General Score
Each phoneme is only counted once across 1 and 2.
Example for sink: "ceks"- 2 points for k, s. No points for c.
1. Award 1 point for each letter that is in the correct spelling of the word - regardless of
the order in which the letter appears. Do not count a letter more than once.
For all remaining letters:
2. Award 1/2 point for each consonant sound that is represented correctly using a letter
that is not in the correct spelling but accurately represents a sound from the correct
spelling (e.g., c/k, s/c, ph/f, t/ed, c or k for ck).
Example for sink: "sec"- 1 point for s, 1/2 point for c.
3. Calculate the General score for each word by summing the points awarded in 1 and 2
above.
Initial-Final Score
1. Award 1 point for each letter in the word if the word is spelled 100% correctly with no
additional letters.
For all remaining words:
2. Award 1 point for each initial consonant that is correctly represented at the beginning
of the word with no letters preceding it. This applies to correctly represented initial
consonants with no letters following it. Example for mail: "m"- 1 point for m.
3. Award 1 point if the second letter in an initial consonant clusters (e.g., sh, th, st, br) is
correctly represented as the second letter in the word with no more than the initial
consonant preceding it.
4. Award 1 point if the third letter in an initial consonant clusters (e.g., str) is correctly
represented as the third letter in the word with only the first and second consonants
correctly preceding it.
5. Award 1/2 point if the second letter in an initial consonant cluster is represented but
not the first with no other letters preceding it.
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6. Award 1/2 point for each initial consonant sound that is represented correctly using a
letter that is not in the correct spelling but accurately represents a sound from the
correct spelling (e.g., c/k, s/c, ph/f, t/ed, c or k for ck).
• 1/2 point if the initial letter sound is correctly represented with no other
letters preceding it.
• 1/2 point if the second letter sound in an initial consonant cluster is
correctly represented with no more than the initial consonant
preceding it.
1/2 point if the third letter sound in an initial consonant cluster is
correctly represented with no more than the initial two consonants
preceding it.
7. Award 1 point for each final consonant that is correctly represented at the end of the
word with no letters following it other than the letter e.
Example for side: "sid"- 1 point for d.
8. Award 1 point for each final consonant that is correctly represented at the end of the
word with no letters preceding it.
Example for dress: "s"- 1 point for s.
9. Award 1 point if the second to last letter in a final consonant cluster (e.g., sh, th, st,
gh) is correctly represented as the second to last letter in the word with no more than
the final consonant or the letter e following it.
10. Award 1 point if the third to last letter in a final consonant cluster (e.g., ght) is
correctly represented as the third to last letter in the word with no more than the final
two consonants or the letter e following it.
11. Award 1/2 point if the second to last letter in a final consonant cluster is represented
but not the last letter with no letters other than e following it.
Example for test: "tes"- 1/2 point for s.
12. Award 1/2 point if the third to last letter in a final consonant cluster is represented but
not the 2nd to last letter or final letter, with no letters other than e following it.
Example for light: "lig"- 1/2 point for g.
13. Award 1/2 point if the third to last letter and the final consonant in a final consonant
cluster are represented but not the 2nd to last letter or final letter, with no letters other
than e following it. Give full credit for the correct final consonant.
Example for light: "ligt"- 1/2 point for g, 1 point for t based on #7.
14. Award 1/2 point for each final consonant sound that is represented correctly using a
letter that is not in the correct spelling but accurately represents a sound from the
correct spelling (e.g., c/k, s/c, ph/f, t/ed, c or k for ck).
• Award 1/2 point if the final letter sound is correctly represented with
no letters other then e following it.
• Award 1/2 point if the second to last letter sound in a final consonant
cluster is correctly represented with no more than the final consonant
or consonant sound or the letter e following it.
• Award 1/2 point if the third to last letter sound in a final consonant
cluster is correctly represented with no more than the final two
consonants or consonant sounds or the letter e following it.
15. Calculate the Initial-Final score for each word by summing the points awarded in 1
through 14 above.
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Vowel Score
Calculate the vowel score for words that are correctly spelled. For all one-syllable target
words, if the student creates a two-syllable word, only give credit for vowel in one
syllable.
For one-syllable words:
1. Award 1 point for each vowel that is represented correctly between an initial and final
consonant whether or not the consonants are correct.
Example for feet: "feei" -for 0 points.
2. Award 1/2 point for each vowel that is represented in the correct location between an
initial, and final consonant whether or not the vowels or consonants are correct,
[award no more than 1/2 point per syllable]
Example for dragon: "setes"- 1/2 point for e, 1/2 point for 2nd e.
3. Award 1/2 point total when 2 incorrect vowels of a CVVC word are present
between an initial and final consonant whether or not the consonants are correct.
Example for feet: "faut"-1/2 point total for both vowels.
For two-syllable words:
4. Award 1 point if the medial consonant is correctly represented with at least one
vowel on either side.
Example for dragon: "dragn"- 1 point forg.
5. Award 1/2 point if the medial consonant is correct and appears between initial and
final consonants that may not be correct. Vowels may or may not be present.
Example for dragon: "dgn", "dign," "drgen."- 1/2 point forg.
Example for peeked: "pickd"- 1/2 point for k.
6. Award 1/2 point if the medial consonant sound is correctly represented with at least
one vowel on either side, but the letter is incorrect (e.g., c/k, s/c, ph/f, t/ed, c or k for
ck).
7. Calculate the Vowel score for each word by summing the points awarded in 1
through 6 above.

Composite Score
1. For each word, add the General, Initial-Final, and Vowel scores to create the
composite score for each word.
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APPENDIX M: FACILITATOR LESSON LOG

Lesson Log Form
(One form to be completed per lesson)

Student Name:

Date:

Educator:

Educator Code:

Lesson Number:

Lesson Type:

Lesson Start Time:

Typed "Start Now": Yes No

Lesson Stop Time:

Typed "Stop Now": Yes No

REMINDER TO EDUCATOR:
Before every model you provide for student, input educator code
Example:
educator code: gh
Using icons to model single word:
gh SUN SUN
Using icons to model phrase:
gh I KNOT JUICE
Using keyboard page to model spelling:
gh will

Rate student interest in the lesson:

(circle one)

1-Always interested
2-Usually interested
3-lnterested about half the time
4-Seldom interested
5-Never interested
Comments/Observations/Problems/Questions for Gretchen:
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APPENDIX N: FACILITATOR FIDELITY FORM

Educator:
Number & Name of Lesson Observed:

Date:

Educator Fidelity Checklist
Prior to beginning the program, educators will need to demonstrate fidelity in implementing 5
Word Wall lessons, 1 Making Words with Icons lesson, and 1 Making Words with Letters lesson.
After they have begun implementing the lessons, educators will be observed for one session per
week to ensure continued fidelity in implementation.
Directions: As each lesson is observed, a copy of the lesson will be used by the investigator to
observe the educator, and to check off completed lesson steps. Notes and checks from the
observed lesson will be tabulated below.
Lesson Components
Records lesson start time
Types "START NOW"
Records lesson stop time
Types "STOP NOW"
Uses educator code on device before
modeling
Refers to sentences provided in the
lesson
Models on device as indicated in
lesson
Points to icon/letter/word cards as
indicated in lesson
Provides instructional feedback for all
student attempts
Includes steps in lesson observed
(see attached photocopy of lesson)

Number of Observations &
Comments
# of observations: 1
# of possible opportunities:
# of observations: 1
# of possible opportunities:
# of observations: 1
# of possible opportunities:
# of observations: 1
# of possible opportunities:
# of observations:
# of possible opportunities:
Average Research Fidelity:
# of observations:
# of possible opportunities:
# of observations:
# of possible opportunities:
# of observations:
# of possible opportunities:
# of observations:
# of possible opportunities:
# of observations:
# of possible opportunities:
Average Lesson Fidelity:

Overall Average Fidelity Score:
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Percentage

APPENDIX O: PARTICIPANT 1 EXPRESSIVE COMMUNICATION PRETESTPOSTTEST ENTRIES

Pretest
rooster
I'm
was
to
to
were
was
was
I like you
I like to frog
I like frog
a
I like frog the
I like golf
a
I like tos
I like to play golf

Participant 1: Expressive Communication Attempts
Posttest
14:42:36 SEM "I can"
14:42:43 SEM "you"
14:42:58 SEM "drink"
14:43:22 SEM "play"
14:43:25 SEM "is"
14:43:27 SEM "were"
14:43:28 SEM "was"
14:43:29 SEM "on"
14:43:36 SEM "to"
14:43:40 SEM "an"
14:43:41 SEM "the"
14:43:46 SEM "eat"
14:43:52 SEM "sun"
14:44:10 SEM "think"
14:44:14 SEM "come"
14:44:20 SEM "hear"
14:44:25 SEM "take"
14:44:32 SEM "do"
14:44:40 SEM "know"
14:44:49 SEM "start"
14:44:53 SEM "sit"
14:44:57 SEM "get"
14:45:03 SEM "do"
14:45:08 SEM "you"
14:45:12 SEM "he"
14:45:17 SEM "she"
14:45:22 SEM "it"
14:45:46 SEM "are"
14:45:47 SEM "is"
14:45:49 SEM "were"
14:45:50 SEM "was"
14:45:51 SEM "on "
14:45:52 SEM "to"
14:46:03 SEM "an"
14:46:04 SEM "the"
14:46:08 SEM "want"
14:46:11 SEM "do"
14:46:16 SEM "you"
14:46:20 SEM "wanted
M

14:46:32
14:46:33
14:46:33
14:46:34
14:46:34
14:46:34
14:46:35
14:46:35
14:46:40
14:46:45
14:46:49
14:46:53
14:46:57
14:46:59
14:47:00
14:47:01
14:47:02
14:47:03
14:47:06

SEM "not"
SEM "not"
SEM "not"
SEM "not"
SEM "not"
SEM "not"
SEM "not"
SEM "not"
SEM "apple"
SEM "hear"
SEM "come"
SEM "hear"
SEM "is"
SEM "were"
SEM "was"
SEM "to "
SEM "on "
SEM "to "
SEM "wettest

It

14:47:23
14:47:25
14:47:26
14:47:27
14:47:28
14:47:29
14:47:31
14:47:36
14:47:41
14:47:49
14:48:12
14:48:28
14:48:35
14:48:39
14:48:40
14:48:45
14:48:48
14:48:50
14:48:51
14:48:52
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14:48:56 PAG "billion"
14:49:00 SEM "the"
14:49:01 SEM " a "
14:49:06 SEM "look"
14:49:06 SEM "is"
14:49:07 SEM "was"
14:49:08 SEM "were"
14:49:09 SEM "were"
14:49:10 SEM "on"
14:49:11 SEM "on"
14:49:11 SEM "to"
14:49:12 SEM "to"
14:49:13 SEM "to"
14:49:17 PAG "one"
14:49:53 SEM "say"
14:49:58 SEM "know"
14:50:05 S E M I "
14:50:11 SEM "come"
14:50:17 SEM "wanted
ii

SEM "live"
SEM "is"
SEM "were"
SEM "was"
SEM "on"
SEM "to"
SEM "the"
SEM "sun"
SEM "know"
SEM "take"
SEM "house"
SEM "i could"
SEM "go"
SEM "on"
SEM "to"
SEM "loves"
SEM "were"
SEM "was"
SEM "on "
SEM "to"

14:50:22
14:50:27
14:50:55
14:50:59
14:51:02
14:51:30
14:51:49
14:51:52
14:52:04
14:52:06
14:52:24
14:52:30
14:52:32
14:52:33
14:52:34
14:52:35

SEM
SEM
SEM
SEM
SEM
SEM
SEM
SEM
SEM
SEM
SEM
SEM
SEM
SEM
SEM
SEM

"hear"
"are"
"their"
"we"
"are"
"eat"
"walk"
"are"
"she"
"is"
"join"
"joins"
"were"
"was"
"to"
"on"

APPENDIX P: PARTICIPANT 2 EXPRESSIVE COMMUNICATION PRETESTPOSTTEST ENTRIES
Participant 2: Expressive Communication Attempts
Pretest
Posttest
9:56
9:35
9:33
9:31
9:26
9:20
9:19
9:19
9:18
9:17
9:16
9:15
9:13
9:12
9:10
9:02
9:00
8:59
8:59
8:58
8:57
8:56
8:55
8:54
8:53
8:51
8:49
8:48
8:40
8:33
8:31
8:29
8:28
8:18
8:17
8:16
8:12
7:55
7:54
7:53
7:52
7:51
7:50
7:48
7:47
7:46
7:45
7:44

FURNITURE
COUCH
CHAIR
FURNITURE
LINENS
SHIRT
JEANS
T SHIRT
JEANS
JEANS
JEANS
JEANS
JEANS
SHORTS
SHORTS
BRA
UNDERWEAR
BRA
PANTIES
PANTIES
DIAPER
NIGHTY
NIGHTY
NIGHTY
PAJAMAS
NIGHTY
PANTIES
UNDERSHIRT
DIAPER
JACKET
BELT
COAT
HAT
GLOVES
GLOVES
SWIMSUIT
NO
BREAKFAST
OATMEAL
OATMEAL
CEREAL
CEREAL
CEREAL
TOAST
TOAST
WAFFLE
PANCAKE
PANCAKE

EGG
7:43
7:42
BACON
7:41
BACON
DOUGHNUT
7:39
DOUGHNUT
7:38
7:37
DOUGHNUT
7:36
SAUSAGE
7:35
BREAD
7:31
Butter
7:03
APPLE
7:02
ORANGE
7:01
GRAPES
7:00
GRAPES
6:59
GRAPES
GRAPES
6:58
6:57
GRAPES
6:55.
ORANGE
6:54
ORANGE
6:53
ORANGE
6:50
BANANA
6:49
GRAPES
6:48
PEAR
6:47
PINEAPPLE
CHERRY
6:46
LIME
6:45
6:44
LIME
6:43
LEMON
6:42
LEMON
6:41
LEMON
PINEAPPLE
6:38
KIWI
6:36
KIWI
6:33
6:32
KIWI
KIWI
6:31
PUMPKIN
6:30
6:29
KIWI
KIWI
6:28
PUMPKIN
6:27
6:26
PUMPKIN
KIWI
6:25
KIWI
6:24
6:23
TOMATO
PLUM
6:22
CHICKEN
6:15
6:14
CHICKEN
6:13
HOT DOG
6:12
HOT DOG
6:11 CHEESEBURGER

HAMBURGER
6:10
6:09
HOT DOG
6:08
CHICKEN
6:05
TURKEY
6:04 CHEESEBURGER
6:03
HOT DOG
5:05
I
4:57
LIKE
4:49
school
3:37
LIKES
3:35
IS
3:28
SANDWICH
3:15
MACARONI &
CHEESE
3:14
MACARONI &
CHEESE
2:59
CHEESE
2:58
cheese
2:45
LUNCH
2:32
LUNCH
2:31
LUNCH
2:29
SANDWICH
2:22
CRACKER
2:21
SALAD
2:20
SALAD
2:17
CRACKER
2:16
GRILLED
CHEESE
2:14
CRACKER
2:09
JELLO
2:08
JELLO
2:06
fruit
1:48
PANCAKE
1:45
TOAST
1:44
TOAST
1:43
WAFFLE
1:41
PANCAKE
1:39
WAFFLE
1:38
BAGEL
1:37
TOAST
1:36
TOAST
1:31
BAGEL
00:27
VANILLA
00:26
CHOCOLATE
00:25
VANILLA
00:23 BUTTERSCOTCH
00:22 BUTTERSCOTCH
00:20
FLAVOR
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11:17:53 SEM "love"
11:18:15SEM"tolove"
11:18:24 SEM "you"
11:18:31 SEM "you will"
11:18:37 SEM "read"
11:19:16SEM "west"
11:19:29 SEM "to swim"
11:19:50 SEM "eaten"
11:19:59 ACT "pear"
11:20:24 SEM "shouldn't
it"
11:20:31 SEM "notebook
It

11:22:41 SEM "richer"
11:22:48 SEM "personal"
11:22:55 SEM "follow"
11:23:16SEM "want"
11:23:25 SEM "to need"
11:23:32 ACT "medicine"
11:23:47 SEM "to end"
11:23:55 ACT "west"
11:24:41 SEM "go "
11:24:52 ACT "March"
11:25:16 SEM "glass"
11:25:39 SEM "to cheat"
11:25:44 "cheats"
11:26:06SEM "were"
11:26:17 SEM "recess"
11:26:27 ACT "music"
11:26:34 ACT "physical
education"
11:26:55 SEM "can't it"

APPENDIX Q: PARTICIPANT 3 EXPRESSIVE COMMUNICATION PRETESTPOSTTEST ENTRIES
Participant 3: Expressive Communication Attempts
Pretest
Posttest
AR 1 love
AR to
SEM drink
SEM thirsty
AR Milk
AR Hi
AR What's up?
AR What's up?
AR Dress
PAG O'clock
PAG O'clocks
PAG 7 o'clock
PAG 8 8 o'clock
PAG 88
AR How are you?
AR How are you?
AR How are you?
AR I'm not so good.
AR 1 love
SEM my
AR dad
AR swimming
AR What do you like?

15:18:45 CTL "Page transition
from SCANNING to PAGES"
15:19:26 ACT "I love"
15:19:31 ACT "my"
15:20:30 ACT "father"
15:20:34 ACT". "
15:21:37 SEM "I a m "
15:22:14 SEM "go"
15:22:19 ACT "ing"
15:22:37 ACT". "
15:23:00 SEM "I a m "
15:23:17 SEM "go"
15:23:21 ACT "ing"
15:23:25 ACT "to"
15:23:48 ACT "new"
15:23:57 CTL "Page transition
from PAGES to SCANNING"
15:24:18 PAG "y"
15:25:14 SEM " I "
15:26:00 SEM "can I"
15:26:11 SEM "do"
15:26:21 SEM "it"
15:26:24 ACT". "
15:27:11 SEM "Call"
15:27:26 SEM "my"
15:27:35 ACT "mom"
15:27:37 ACT". "
15:28:14 ACT "Dad"
15:28:41 SEM "she"
15:28:56 SEM "play"
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APPENDIX R: PARTICIPANT 1 WORD GENERATION TASK PRETESTPOSTTEST ENTRIES
Word Generation Entries
Pretest
Posttest
cat
mat
a
caa.
cat
ms
cat
mat
hat
rat

bir
tin**
tim
eat* (prompt given)

Amand
benntt
bi

can*
in*
sat**
rat**
cat**
nmat
ast
asm
cat
amt

ti m (prompt given)

t o n * * (promptgiven)

nnw
ni
r

but
loke
sey
dog
mmy
mmy
mmmy
anm
amanda

e w (prompt given)

dog

(promptgiven)

ke* (prompt given)

bdr
wi
we*
y o u (promptgiven)
se* (prompt given)
not (promptgiven)
she* (prompt given)

*Word Wall Word
Making Words With Letters Word
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APPENDIX S: PARTICIPANT 2 WORD GENERATION TASK PRETESTPOSTTEST ENTRIES
Word Generation Entries
Pretest
Posttest
rcct
Dear
oifwdfftrdf
Dawn
Brandon (promptgiven)
And
Johnson (promptgiven)
Miss (promptgiven)
Missy (promptgiven)

V

WW

wiggle

ben
z]

V

and (prompt given)

S (prompt given)

grandmother (from AR)**
and*
ben*

sp
1 (prompt given)

Dad
And (prompt given)

Not scored-word was generated using the activity row
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APPENDIX T: PARTICIPANT 3 WORD GENERATION TASK PRETESTPOSTTEST ENTRIES

Word Generation Entries
Pretest
Posttest
Daddy (promptgiven)
eat
M ich ae 1 (prompt given) 1
a
game
e (prompt given)
she
in
ga
tuao
daddy
tueck.
tnt
t
tuck (prompt given)
1 (prompt given)
ran
Am (prompt given)
and
Hay (prompt given)
sid
sihppae (promptgiven)
ciea
Sha (promptgiven)
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APPENDIX U: IRB LETTERS

University 0/New Hampshire
Research Conduct and Compliance Services, Office of Sponsored Research
Service Building, 51 College Scad, Durham. N¥l Q3S24-3585
Fax: (503-862-3564

7/7/2006
Hanser, 6nsl;chen
Education - Morrill Hall
Elizabeth Street, C-10
Chapel HHI, MC 27514
IRB # : 3745
Sbidys investigating trie'Effects cf Integrated, Systematic Decoding, Spelling &
Communications Instruction for Students with Complex Communication. Needs
Approval Date: 6/ZB/2006
The Institutional Review Board far the Projection of Human Subjects in Research (IRB) has
reviewed and approved the protocol for your study with the following comm«nt£s):
Due &'>the amount ofdeiallsd information in the consentforms,an oral explanation should
acwmpmy Mittvn consent proeedtunsfor&tt participants.
Approval is granted to conduct YMir study as described in your protocol for one
year from the approval date above, At the (and of the aporoval period you will be asked
to submit a reaott with regard to the involvement of human subjects in this study. If your
study is still active, you may request an extension of IRB approval.
Researchers who conduct studies involving human subjects have responsibilities as outlined
In the attached document, Responsibilities of Directors Of Research Studies Involving
Human Subjects. (This document is also avail able at
ittp://www.unh.edu/osr/compiianceflrb,rftml,\ Please read this rbaument carefully b e t e
commenting your work Involving human subjects.
If you have questions or concerns about your study or this approval, please feel hee tu
contact nte at 6Q3-862.-20D3 or Julle.slropsonflmnh.edu.^ Please refer totoeIRB # ebove in
all comesporsdsnes related to this study. The IRB wishes yau success with yo-jr research,

cc: File
Ruth Wnarton-McOonald
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APPENDIX U (continued)

University of New Hampshire
Research Conduct Bitd. Compliance Services, Office: af Sptaisuisd Research
Service BuMLrtg, 5) Critege Read, Dtahiini, NH 03B24-35H5
ta: 6CS-B(Sa-3S64

12-Jiin-2007
Hanser, Gretdhen
Educafcferi - fterlll Han
n f l Elizabeth Street, C-10
Chapel Kill, UC 27S14
IRB#i3745
Study; Investigating the Effects of .Integrated, Systematic Decoding', Spelling & Camrnunlcattsn
instructor; for Students with Complex Communication Needs
Review Level: Full
Approval Expiration Dates 2Mun-20GB
The Institutional Review Board far the Protection >ef (Human Subjects in Research (IRB) has
reukwed and approved your request for time extension for this study. Approval for this study
aspires on the date indicated, stove. At the end of the approval period you will be aslosd to submit
a report with regard bo the Involvement of human subjects. If your Study is still active, yen may
apply for extension of 1KB approval through this office.
Researchers who conduct studies involving human subjects have responsibilities as outlined in the
docurrttiflt, Responsibilities of £fecters of RgmafeH Studlss Invoiwng Human SUbiects. This
document is available at hlto: //www,u nli.ed»/Qsr/oDmpltanoe/fra,fitrnl or from me.
If you have questions or concerns about your study or this approval, please feel free to contact me
at 603-B62-2003 or Julfe.sim prinPifiHjnh.edu.. Please refsr to the IR& # above lei all correspondence
related to this study. Ttie-IRS wishes you success with your research.
For the IRB,

(jme F.gjlspson (f
Manag'eT'
oc: Rle
• Wharton-McESwrald, Rutin

322

